PIPELINE OPERATOR 



FIELD OF THE INVENTION 

The present invention relates to a pipeline operator that 
uses a pipeline processing. Particularly, this invention 
relates to a pipeline operator that can achieve reduction in 
power consumption and reduction in scale of the hardware of 
stage latch circuits, inter-stage wiring, control circuits, 
etc . 

BACKGROUND OF THE INVENTION 

In recent years, there has been a large demand for 
microprocessors which can perform complex processing at higher 
speed. ^s such microprocessors that achieve high-speed 
processing, tt^ere have been used pipeline operators that use 
pipeline processing- The pipeline processing employs a method 
of overlapping the pis^cessing of a plurality of instructions 
by delaying the starting time of the execution of each 
instruction one clock by one clock, thereby achieving the 
execution of the instructions\at an equivalent high speed. 
Before installing a pipeline operastor into a computer system, 
the installation area, power consumption and price of the 
pipeline operator are important factors tftat need to be examined. 
The pipeline operator must meet compactness, low power 
consumption and low price as essential conditions. 



Fig. 27 is a diagram that shows a structure of a 
conventional pipeline operator. The pipeline operator shown 
in this drawing has two processing stages of a first processing 
stage and a second processing stage. An operator 22 x and an 
operator 12 2 to be described later are provided at the first 
processing stage and the second processing stage respectively. 
A processing-data register 10 is provided corresponding to a 
pipeline path P 10/ and holds a first processing data (source 
operand) . A processing-data register 20 is provided 
corresponding to a pipeline path P 20/ and holds a second 
processing data (source operand) . An instruction register 30 
is provided corresponding to an instruction pipeline path P 30 , 
and holds an instruction INST X and an instruction INST 2 . The 
instruction INS^ is a processing instruction dispatched to the 
operator 22 L , and the instruction INST 2 is a processing 
instruction dispatched to the operator 12 2 . 

Further, according to the conventional pipeline operator, 
a plurality of stage latch circuits for temporarily holding data 
and instructions are provided at an input stage of the two 
processing stages, between the first processing stage and the 
second processing stage (inter-processing stage) , and at an 
output stage of the two processing stages, respectively. 
Specifically, a stage latch circuit a stage latch circuit 

21 1 and a stage latch circuit 31 L are provided in parallel at 
the input stage. A stage latch circuit 11 2 , a stage latch 



circuit 21 2 and a stage latch circuit 31 2 are provided in parallel 
between the processing stages, and a stage latch circuit 11 3 
is provided at the output stage. The stage latch circuit ll x 
and the stage latch circuit 11 2 are sequentially driven in one 
clock cycle in such a order of the input stage the processing 
stage — * the output stage. 

At the first processing stage, the stage latch circuit 
ll x is provided corresponding to the processing-data register 
10, and holds the first processing data from the processing-data 
register 10. The stage latch circuit 21 1 is provided 
corresponding to the processing-data register 20, and holds the 
second processing data from the processing-data register 20. 
The stage latch circuit 31 1 is provided corresponding to the 
instruction register 30, and holds the instruction INS^ and 
the instruction INST 2 from the instruction register 30. The 
instruction decoder 32 1 decodes the instruction INST X from the 
stage latch circuit 31 x . When the instruction INST X has been 
decoded, the operator 22 x executes the processing according to 
the instruction INST L by using the value (the first processing 
data) of the stage latch circuit ll x and the value (the second 
processing data) of the stage latch circuit 21 x . Then, the 
operator 22 x outputs the result of the processing to the stage 
latch circuit 21 2 through the pipeline path P 20 . 

At the second processing stage, the stage latch circuit 
11 2 is provided corresponding to the processing-data register 



10, and holds the value of the stage latch circuit 11 1 (the first 
processing data) . The stage latch circuit 21 2 is provided 
corresponding to the processing-data register 20, and holds the 
result of the processing by the operator 22 x . The stage latch 
circuit 31 2 is provided corresponding to the instruction 
register 30, and holds the values of the stage latch circuit 
31 x (instruction INST X and the instruction INST 2 ) . The 
instruction decoder 32 2 decodes the instruction INST 2 from the 
stage latch circuit 31 2 . When the instruction INST 2 has been 
decoded, the operator 12 2 executes the processing according to 
the instruction INST 2 by using the value (the first processing 
data) of the stage latch circuit 11 2 , and outputs the result 
of the processing through the pipeline path P 10 . 

A multiplexer 40 2 is a two-input and one-output type 
changeover unit whose changeover is controlled by the 
instruction decoder 32 2 . The multiplexer 40 2 outputs one of the 
processing result of the operator 12 2 and the value of the stage 
latch circuit 21 2 (the processing result of the operator 22J . 
Specifically, the multiplexer 40 2 outputs the processing result 
of the operator 12 2 when the instruction INST 2 has been decoded 
by the instruction decoder 32 2 . On the other hand, the 
multiplexer 40 2 outputs the value of the stage latch circuit 
21 2 when the instruction other than the instruction INST 2 (for 
example, the instruction INSTJ has been input to the 
instruction decoder 32 2 . The stage latch circuit 11 3 holds the 



processing result of the operator 12 2 or the value of the stage 
latch circuit 21 2 (the processing result of the operator 22 x ) 
according to the changeover state of the multiplexer 40 2 . A 
processing-result register 50 holds a value of the stage latch 
circuit 11 3/ that is, a processing result (a destination 
operand) of the pipeline operator. 

The operation of the conventional pipeline operator will 
be explained here. The operation when the instruction INST-l 
has been dispatched will be explained first . At the first clock, 
the first processing data, the second processing data and the 
instruction INST^. are held in the processing-data register 10, 
the processing-data register 20 and the instruction register 
30 respectively. At the next clock, the first processing data, 
the second processing data and the instruction INST-l are held 
in the stage latch circuit ll x , the stage latch circuit 21 x and 
the stage latch circuit 31 x respectively. Then, the 
instruction decoder 32 x decodes the instruction INST X from the 
stage latch circuit 31 x . The operator 22 1 executes the 
processing according to the instruction INST-l by using the value 
(the first processing data) of the stage latch circuit ll x and 
the value (the second processing data) of the stage latch 
circuit 21 x - 

At the next clock, the value (the first processing data) 
of the stage latch circuit ll lf the processing result of the 
operator 22 x and the value (the instruction INSTJ of the stage 



latch circuit 31 x are held in the stage latch circuit 11 2 , the 
stage latch circuit 21 2 and the stage latch circuit 31 2 
respectively. In this case, as the value (instruction INSTJ 
of the stage latch circuit 31 2 is irrelevant to the instruction 
according to the operator 12 2/ the instruction decoder 32 2 makes 
the multiplexer 40 2 select the stage latch circuit 21 2 . 

At the next clock, the value (the processing result of 
the operator 22 ± ) of the stage latch circuit 21 2 is held in the 
stage latch circuit 11 3 through the multiplexer 40 2 . As a result, 
the processing-result register 50 holds the processing result 
of the operator 22 ± as the processing result of the pipeline 
operator. 

The operation when the instruction INST 2 has been 
dispatched will be explained next. At the first clock, the 
first processing data, the second processing data and the 
instruction INST 2 are held in the processing-data register 10, 
the processing-data register 20 and the instruction register 
30 respectively in the similar manner to that of the above 
operation. At the next clock, the first processing data, the 
second processing data and the instruction INST 2 are held in 
the stage latch circuit the stage latch circuit 21 x and 

the stage latch circuit 31 x respectively. In this case, as the 
value (instruction INST 2 ) of the stage latch circuit 31 x is 
irrelevant to the instruction according to the operator 22 x , 
the instruction decoder 32 1 does not decode the instruction. 



Therefore, the operator 22 x executes no processing in this case. 

At the next clock, the value (the first processing data) 
of the stage latch circuit ll x and the value (the instruction 
INST 2 ) of the stage latch circuit 31 x are held in the stage latch 
circuit 11 2 and the stage latch circuit 31 2 respectively. In 
this case, the instruction decoder 32 2 decodes the instruction 
INST 2 from the stage latch circuit 31 2 , and at the same time, 
makes the multiplexer 40 2 select the operator 12 2 . As a result, 
the operator 12 2 executes the processing according to the 
instruction INST 2 by using the value (the first processing data) 
of the stage latch circuit 11 2 . 

At the next clock, the processing result of the operator 
12 2 is held in the stage latch circuit 11 3 through the multiplexer 
40 2 . As a result, the processing-result register 50 holds the 
processing result of the operator 12 2 as the processing result 
of the pipeline operator. 

As explained above, as shown in Fig. 27, the conventional 
pipeline operator is provided with the stage latch circuit 11 2 
for holding the first processing data (source operand) from the 
processing-data register 10. Furthermore, the pipeline 
operator is provided with the stage latch circuit 21 2 for holding 
the processing result of the operator 22 lf independent of the 
stage latch circuit 11 2 . In this structure, the first 
processing data held in the processing-data register 10 is input 
to the operator 12 2 through the stage latch circuit 11 1 and the 



stage latch circuit 11 2 . On the other hand, the processing 
result of the operator 22 x is input to the multiplexer 40 2 through 
the stage latch circuit 21 2 . 

^cording to the conventional pipeline operator, as the 
stage latctN<^Lrcuit 11 2 and the stage latch circuit 21 2 are 
provided independeh^of each other between the first processing 
stage and the second proce^s^ng stage, as explained above, the 
circuits (the stage latch circuitsT^y^e wiring and the control 
circuits) have redundant structures. ^^Q^ordingly , the 
conventional pipeline operator has a problem that thfev^cale of 
the hardware large and therefore has a high power consumptibQ. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
pipeline operator having less hardware and therefore small 
power consumption. 

In order to achieve the above object, according to a first 
aspect of the invention, there is provided a pipeline operator 
having at least a first processing stage and a second processing 
stage, the pipeline operator comprises a plurality of latching 
units that are provided at an input stage, between processing 
stages and at an output stage of the first processing stage and 
the second processing stage respectively, for holding a 
processing data and a processing result respectively; a first 
processing unit provided at the first processing stage, for 
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carrying out a processing according to an instruction by using 
the processing data held in the upstream latching unit and for 
outputting a processing result to a downstream latching unit; 
a second processing unit provided at the second processing stage, 
for carrying out a processing according to an instruction by 
using the processing data held in the upstream latching unit 
and for outputting a processing result to a downstream latching 
unit; and instruction decoding units for decoding the 
instructions dispatched to the first processing unit and the 
second processing unit respectively, wherein, in decoding the 
instruction dispatched to the second processing unit, each 
instruction decoding unit decodes the instruction as the 
instruction to pass the processing data held in the upstream 
latching unit through the first processing unit. 

According to the first aspect, at the time of decoding 
the instruction to the second processing unit, the instruction 
decoding unit decodes the instruction to pass the processing 
data through the first processing unit. When this instruction 
has been decoded, the first processing unit outputs the 
processing data held in the upstream latching unit to the 
downstream latching unit through the first processing unit. 
Thus, the processing data is held in the downstream latching 
unit . Then, the second processing unit executes the processing 
according to the instruction by using the processing data held 
in the upstream latching unit. 



As explained above, according to the first aspect, the 
processing data held in the upstream latching unit is passed 
through the first processing unit at the time of decoding the 
instruction to the second processing unit. Therefore, it is 
possible to reduce the sharing of the latching unit and to reduce 
the wiring between the first processing unit and the second 
processing unit- As a result, the hardware volume and power 
consumption can be reduced. 

According to a second aspect of the invention, there is 
provided a pipeline operator having at least a first processing 
stage and a second processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage and the second processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit provided at the 
first processing stage, for carrying out a processing according 
to an instruction by using the processing data held in the 
upstream latching unit and for outputting a processing result 
to a downstream latching unit; a second processing unit provided 
at the second processing stage, for carrying out a processing 
according to an instruction by using the processing data held 
in the upstream latching unit and for outputting a processing 
result to a downstream latching unit; and instruction decoding 
units for decoding the instructions dispatched to the first 



processing unit and the second processing unit respectively, 
wherein, in decoding the instruction dispatched to the first 
processing unit, each instruction decoding unit decodes the 
instruction as the instruction to pass the processing result 
of the first processing unit held in the upstream latching unit 
through the second processing unit. 

According to the second aspect, at the time of decoding 
the instruction to the first processing unit, the instruction 
decoding unit decodes the instruction to pass the processing 
result of the first processing unit through the second 
processing unit. When this instruction has been decoded, the 
first processing unit executes the processing according to the 
instruction by using the processing data held in the upstream 
latching unit, and outputs the processing result to the 
downstream latching unit. Thus, the processing result of the 
first processing unit is held in the downstream latching unit. 
Then, the second processing unit passes through it the 
processing result of the first processing unit held in the 
upstream latching unit. 

As explained above, according to the second aspect, the 
processing result of the first latching unit held in the 
upstream latching unit is passed through the second processing 
unit at the time of decoding the instruction to the first 
processing unit. Therefore, it is possible to reduce the 
latching unit and to reduce the wiring at the downstream of the 



second processing unit. As a result, the hardware volume and 
power consumption can be reduced. 

According to a third aspect of the invention, there is 
provided a pipeline operator having a first processing stage 
to an n-th (n is a natural number such that n > 1) processing 
stage, the pipeline operator comprises a plurality of latching 
units that are provided at an input stage, between processing 
stages and at an output stage of the first processing stage to 
the n-th processing stage respectively, for holding a 
processing data and a processing result respectively; a first 
processing unit to an n-th processing unit provided at the first 
processing stage to the n-th processing stage respectively,' 
each for carrying out a processing according to an instruction 
by using the processing data held in the upstream latching unit 
and for outputting a processing result to a downstream latching 
unit respectively; and instruction decoding units for decoding 
the instructions dispatched to the f irst to the n-th processing 
units respectively, wherein, in decoding the instruction 
dispatched to an x-th (x is a natural number such that n > 1) 
processing unit, each instruction decoding unit decodes the 
instruction as the instruction to pass the processing data held 
in the upstream latching unit through the first processing unit 
to the (x-l)-th processing unit. 

According to the third aspect, at the time of decoding 
the instruction to the x-th processing unit, the instruction 



decoding unit decodes the instruction to pass the processing 
data through the first processing unit to the (x-l)-th 
processing unit. When this instruction has been decoded, the 
first processing unit to the (x-l)-th processing unit 
sequentially pass the processing data held in the upstream 
latching units through these operators to the downstream 
latching units. Thus, the processing data are sequentially 
held in the latching units of the first processing unit to the 
(x-l)-th processing unit respectively. Then, the x-th 
processing unit executes the processing according to the 
instruction by using the processing data held in the upstream 
latching units. 

s explained above, according to the third aspect, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing 
unit at \he time of decoding the instruction to the x-th 
processing unit. Therefore, it is possible to reduce both the 
stage latcA circuits and the wiring at the first processing 
stage to th& (x-l)-th processing stage from the conventional 
levels. As a result, the hardware volume and power consumption 
can be reduced. 

According to a fourth aspect of the invention, there is 
provided a pipeline operator having a first processing stage 
to an n-th (n is a natural number such that n > 1) processing 
stage, the pipeline operator comprises a plurality of latching 



units that are provided at an input stage, between processing 
stages and at an output stage of the first processing stage to 
the n-th processing stage respectively, for holding a 
processing data and a processing result respectively; a first 
processing unit to an n-th processing unit provided at the first 
processing stage to the n-th processing stage respectively, 
each for carrying out a processing according to an instruction 
by using the processing data held in the upstream latching unit 
and for outputting a processing result to a downstream latching 
unit respectively; and instruction decoding units for decoding 
the instructions dispatched to the first to the n-th processing 
units respectively, wherein, in decoding the instruction" 
dispatched to an x-th (x is a natural number such that n > x) 
processing unit, each instruction decoding unit decodes the 
instruction as the instruction to pass the processing result 
of the x-th processing unit held in the upstream latching units 
through the (x+l)-th processing unit to the n-th processing 
unit . 

According to the fourth aspect, at the time of decoding 
the instruction to the x-th processing unit, the instruction 
decoding units decode the instructions to pass the processing 
result of the x-th processing unit through the (x+l)-th 
processing unit to the n-th processing unit. When, these 
instructions have been decoded, the x-th processing unit 
executes the processing according to the instruction by using 
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the processing data held in the upstream latching unit, and 
outputs the processing result to the downstream latching unit. 
Thus, the processing result of the x-th processing unit is held 
in the downstream latching unit . Then, the (x+1 ) -th processing 
unit to the n-th processing unit sequentially pass the 
processing result of the x-th processing unit held in the 
upstream latching unit through these processing units. 

explained above, according to the fourth aspect, the 
processingNresult of the x-th latching unit held in the upstream 
latching unit\s passed through the (x+l)-th processing unit 
to the n-th processing unit at the time of decoding the 
instruction to the x-tk processing unit. Therefore, it is* 
possible to reduce both the s^age latch circuits and the wiring 
in the (x+l)-th processing uniVto the n-th processing stage 
from the conventional levels. As aScesult, the hardware volume 
and power consumption can be reducecrv 

According to a fifth aspect of the invention, there is 
provided a pipeline operator having at least a first processing 
stage and a second processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage and the second processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit provided at the 
first processing stage, for carrying out a processing according 



to an instruction by using the processing data held in the 
upstream latching unit and for outputting a processing result 
to a downstream latching unit; a second processing unit provided 
at the second processing stage, for carrying out a processing 
according to an instruction by using the processing data held 
in the upstream latching unit and for outputting a processing 
result to a downstream latching unit; and instruction decoding 
units for decoding the instructions dispatched to the first 
processing unit and the second processing unit respectively, 
wherein the instruction decoding units decode the instructions 
that have a correlation between the processing of the first 
processing unit and the processing of the second processing unit" 
that the processing result of the first processing unit becomes 
the processing data of the second processing unit, and further, 
in decoding the instruction to the second processing unit for 
executing the processing by itself, the instruction decoding 
unit decodes the instruction as the instruction to pass the 
processing data held in the upstream latching unit through the 
first processing unit. 

According to the fifth aspect, when the instruction 
decoding unit has decoded the instruction that has a correlation 
between the first processing unit and the second processing unit, 
the first processing unit executes the processing according to 
this instruction. The result of the processing is held in the 
downstream latching unit. Next, the second processing unit 



executes the processing according to the above instruction by 
using the processing result held in the latching unit. The 
result of this processing is held in the downstream latching 
unit. Further, according to the fifth aspect, at the time of 
decoding the instruction to the second processing unit for 
executing the processing by itself, the instruction decoding 
unit decodes the instruction to pass the processing data through 
the first processing unit. When this instruction has been 
decoded, the first processing unit outputs the processing data 
held in the upstream latching unit to the downstream latching 
unit through the first processing unit. Thus, the processing 
data is held in the downstream latching unit. Then, the second* 
processing unit executes the processing according to the 
instruction by using the processing data held in the upstream 
latching unit. 

As explained above, according to the fifth aspect, the 
processing data held in the upstream latching unit is passed 
through the first processing unit at the time of decoding the 
instruction to the second processing unit. Therefore, it is 
possible to reduce the sharing of the latching unit and to reduce 
the wiring between the first processing unit and the second 
processing unit. As a result, the hardware volume and power 
consumption can be reduced. Further, according to the fifth 
aspect, the second processing unit can execute the processing 
independent of the first processing unit. 



According to a sixth aspect of the invention, there is 
provided a pipeline operator having at least a first processing 
stage and a second processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage and the second processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit provided at the 
first processing stage, for carrying out a processing according 
to an instruction by using the processing data held in the 
upstream latching unit and for outputting a processing result 
to a downstream latching unit; a second processing unit provided" 
at the second processing stage, for carrying out a processing 
according to an instruction by using the processing data held 
in the upstream latching unit and for outputting a processing 
result to a downstream latching unit; and instruction decoding 
units for decoding the instructions dispatched to the first 
processing unit and the second processing unit respectively, 
wherein the instruction decoding units decode the instructions 
that have a correlation between the processing of the first 
processing unit and the processing of the second processing unit 
that the processing result of the first processing unit becomes 
the processing data of the second processing unit, and further, 
in decoding the instruction to the first processing unit for 
executing the processing by itself, the instruction decoding 
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unit decodes the instruction as the instruction to pass the 
processing result of the first processing unit held in the 
upstream latching unit through the second processing unit. 

According to the sixth aspect, when the instruction 
decoding unit has decoded the instruction that has a correlation 
between the first processing unit and the second processing unit, 
the first processing unit executes the processing according to 
this instruction. The result of the processing is held in the 
downstream latching unit. Next, the second processing unit 
executes the processing according to the above instruction by 
using the processing result held in the latching unit. The 
result of this processing is held in the downstream latching' 
unit. Further, according to the sixth aspect, at the time of 
decoding the instruction to the first processing unit for 
executing the processing by itself, the instruction decoding 
unit decodes the instruction to pass the processing result of 
the first processing unit through the second processing unit. 
When this instruction has been decoded, the first processing 
unit executes the processing according to this instruction by 
using the processing data held in the upstream latching unit, 
and outputs the processing result to the downstream latching 
unit. Thus, the processing result of the first processing unit 
is held in the downstream latching unit. Then, the second 
processing unit passes through it the processing result of the 
first processing unit held in the upstream latching unit. 



As explained above, according to the sixth aspect, the 
processing result of the first processing unit held in the 
upstream latching unit is passed through the second processing 
unit at the time of decoding the instruction to the first 
processing unit. Therefore, it is possible to reduce the 
latching unit and to reduce the wiring at the downstream of the 
second processing unit. As a result, the hardware volume and 
power consumption can be reduced. Further, according to the 
sixth aspect, the first processing unit can execute the 
processing independent of the second processing unit. 

According to a seventh aspect of the invention, there is 
provided a pipeline operator having a first processing stage" 
to an n-th (>1) processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage to the n-th processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit to an n-th 
processing unit provided at the first processing stage to the 
n-th processing stage respectively, each for carrying out a 
processing according to an instruction by using the processing 
data held in the upstream latching unit and for outputting a 
processing result to a downstream latching unit respectively; 
and instruction decoding units for decoding the instructions 
dispatched to the first to the n-th processing units 
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respectively, wherein the instruction decoding units decode the 
instructions that have a correlation between m stages of 
processing from an r-th processing unit (r is a natural number 
such that r > 1) to an s-th processing unit (r < s < n) (m < 
n) out of the first processing unit to the n-th processing unit 
that the processing result of the pre-stage processing unit 
becomes the processing data of the next-stage processing unit, 
and further, in decoding the instruction to an x-th processing 
unit (r < x < s) among the r-th processing unit to the s-th 
processing unit for executing the processing by the x-th 
processing unit by itself, the instruction decoding units 
decode the instructions as the instructions to pass the" 
processing results held in the upstream latching units through 
the first processing unit to the (x-l)-th processing unit. 

According to the seventh aspect, when the instruction 
decoding units have decoded the instructions that have a 
correlation among the r-th processing unit to the s-th 
processing unit having m stages, the r-th processing unit to 
the s-th processing unit execute the processing according to 
the instructions respectively. The results of the processing 
are sequentially held in the downstream latching units. 
Further, according to the seventh aspect, at the time of 
decoding the instruction to the x-th processing unit, the 
instruction decoding units decode the instructions to pass the 
processing data through the first processing unit to the 



(x-l)-th processing unit. When these instructions have been 
decoded, the first processing unit to the (x-l)-th processing 
unit sequentially output the processing data held in the 
upstream latching units to the downstream latching units . Thus , 
the processing data are sequentially held in the respective 
latching units of the first processing unit to the (x-l)-th 
processing unit. Then, the x-th processing unit executes the 
processing according to the instruction by using the processing 
data held in the upstream latching unit. 

As explained above, according to the seventh aspect, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing' 
unit at the time of decoding the instruction to the x-th 
processing unit. Therefore, it is possible to reduce both the 
stage latch circuits and the wiring in the first processing unit 
to the (x-l)-th processing unit from the conventional levels. 
As a result, the hardware volume and power consumption can be 
reduced. Further, according to the seventh aspect, the x-th 
processing unit in the r-th processing unit to the s-th 
processing unit can execute the processing independent of other 
processing units. 

According to an eighth aspect of the invention, there is 
provided a pipeline operator having a first processing stage 
to an n-th (>1) processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 



an input stage, between processing stages and at an output stage 
of the first processing stage to the n-th processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit to an n-th 
processing unit provided at the first processing stage to the 
n-th processing stage respectively, each for carrying out a 
processing according to an instruction by using the processing 
data held in the upstream latching unit and for outputting a 
processing result to a downstream latching unit respectively; 
and instruction decoding units for decoding the instructions 
dispatched to the first to the n-th processing units 
respectively, wherein the instruction decoding units decode the" 
instructions that have a correlation between m stages of 
processing from an r-th processing unit (> 1) to an s-th 
processing unit (r < s < n) (m< n) out of the first processing 
unit to the n-th processing unit that the processing result of 
the pre-stage processing unit becomes the processing data of 
the next-stage processing unit, and further, in decoding the 
instructions to an x-th processing unit (r < x < s) to an (x+p) -th 
processing unit (p < s - r) among the r-th processing unit to 
the s-th processing unit for completing the execution of one 
processing by the processing units of p stages, the instruction 
decoding units decode the instructions as the instructions to 
pass the processing data held in the upstream latching units 
through the first processing unit to the (x-l)-th processing 



unit. 

According to the eighth aspect, when the instruction 
decoding units have decoded the instructions that have a 
correlation among the r-th processing unit to the s-th 
processing unit having m stages, the r-th processing unit to 
the s-th processing unit execute the processing according to 
the instructions respectively. The results of the processing 
are sequentially held in the downstream latching units. 
Further, according to the eighth aspect, at the time of decoding 
the instructions to the x-th processing unit to the (x+p) -th 
processing unit, the instruction decoding units decode the 
instructions to pass the processing data through the first' 
processing unit to the (x-l)-th processing unit. When these 
instructions have been decoded, the first processing unit to 
the (x-1) -th processing unit sequentially output the processing 
data held in the upstream latching units to the downstream 
latching units. Thus, the processing' data are sequentially 
held in the respective latching units of the first processing 
unit to the (x-1 ) -th processing unit . Then, the x-th processing 
unit to the (x+p)-th processing unit execute the processing 
according to the instruction by using the processing data held 
in the upstream latching unit. 

As explained above, according to the eighth aspect, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing 



unit at the time of decoding the instruction to the x-th 
processing unit to the (x+p)-th processing unit. Therefore, 
it is possible to reduce both the stage latch circuits and the 
wiring in the first processing unit to the (x-l)-th processing 
unit from the conventional levels. As a result, the hardware 
volume and power consumption can be reduced. Further, 
according to the eighth aspect, the x-th processing unit to the 
(x+p) -th processing unit in the r-th processing unit to the s-th 
processing unit can execute the processing independent of other 
processing units . 

According to a ninth aspect of the invention, there is 
provided a pipeline operator having a first processing stage" 
to an n-th (>1) processing stage, the pipeline operator 
comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage to the n-th processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit to an n-th 
processing unit provided at the first processing stage to the 
n-th processing stage respectively, each for carrying out a 
processing according to an instruction by using the processing 
data held in the upstream latching unit and for outputting a 
processing result to a downstream latching unit respectively; 
and instruction decoding units for decoding the instructions 
dispatched to the first to the n-th processing units 



respectively, wherein the instruction decoding units decode the 
instructions that have a correlation between m stages of 
processing from an r-th processing unit (> 1) to an s-th 
processing unit (r < s < n) (m< n) out of the first processing 
unit to the n-th processing unit that the processing result of 
the pre-stage processing unit becomes the processing data of 
the next-stage processing unit, and further, in decoding the 
instruction to an x-th processing unit (r < x < s) among the 
r-th processing unit to the s-th processing unit for the x- 
th processing unit to execute the processing by itself, the 
instruction decoding units decode the instructions as the 
instructions to pass the processing result of the x-th' 
processing unit held in the upstream latching units through the 
(x+l)-th processing unit to the n-th processing unit. 

According to the ninth aspect, when the instruction 
decoding units have decoded the instructions that have a 
correlation among the r-th processing unit to the s-th 
processing unit having m stages, the r-th processing unit to 
the s-th processing unit execute the processing according to 
the instructions respectively. The results of the processing 
are sequentially held in the downstream latching units. 
Further, according to the ninth aspect, at the time of decoding 
the instruction to the x-th processing unit, the instruction 
decoding units decode the instructions to pass the processing 
result of the x-th processing unit through the (x+l)-th 



processing unit to the n-th processing unit- When these 
instructions have been decoded, the x-th processing unit 
executes the processing according to the instruction by using 
the processing data held in the upstream latching unit, and 
outputs the processing result to the downstream latching unit. 
Thus, the processing result of the x-th processing unit is held 
in the downstream latching unit . Then, the (x+1 ) -th processing 
unit to the n-th processing unit sequentially pass the 
processing result of the x-th processing unit held in the 
upstream latching unit through these processing units. 

As explained above, according to the ninth aspect, the 
processing result of the x-th processing unit held in the' 
upstream latching unit is passed through the (x+l)-th 
processing unit to the n-th processing unit at the time of 
decoding the instruction to the x-th processing unit. 
Therefore, it is possible to reduce both the stage latch 
circuits and the wiring in the (x+l)-tti processing unit to the 
n-th processing unit from the conventional levels . As a result, 
the hardware volume and power consumption can be reduced. 
Further, according to the ninth aspect, the x-th processing unit 
in the r-th processing unit to the s-th processing unit can 
execute the processing independent of other processing units. 

According to a tenth aspect of the invention, there is 
provided a pipeline operator having a first processing stage 
to an n-th (>1) processing stage, the pipeline operator 



comprises a plurality of latching units that are provided at 
an input stage, between processing stages and at an output stage 
of the first processing stage to the n-th processing stage 
respectively, for holding a processing data and a processing 
result respectively; a first processing unit to an n-th 
processing unit provided at the first processing stage to the 
n-th processing stage respectively, each for carrying out a 
processing according to an instruction by using the processing 
data held in the upstream latching unit and for outputting a 
processing result to a downstream latching unit respectively; 
and instruction decoding units for decoding the instructions 
dispatched to the first to the n-th processing units" 
respectively, wherein the instruction decoding units decode the 
instructions that have a correlation between m stages of 
processing from an r-th processing unit (> 1) to an s-th 
processing unit (r < s < n) (m< n) out of the first processing 
unit to the n-th processing unit that the processing result of 
the pre-stage processing unit becomes the processing data of 
the next-stage processing unit, and further, in decoding the 
instructions to an (x-p)-th processing unit to an x-th 
processing unit (r < x < s; p < s - r) among the r-th processing 
unit to the s-th processing unit for completing the execution 
of one processing by the processing units of p stages, the 
instruction decoding units decode the instructions as the 
instructions to pass the processing results of the (x-p)-th 
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processing unit to the x-th processing unit held in the upstream 
latching units through the (x+1) -th processing unit to the n-th 
processing unit. 

According to the tenth aspect, when the instruction 
decoding units have decoded the instructions that have a 
correlation among the r-th processing unit to the s-th 
processing unit having m stages, the r-th processing unit to 
the s-th processing unit execute the processing according to 
the instructions respectively- The results of the processing 
are sequentially held in the downstream latching units. 
Further, according to the tenth aspect, at the time of decoding 
the instruction to the (x-p)-th processing unit to the x-th' 
processing unit, the instruction decoding units decode the 
instructions to pass the processing results of the (x-p) -th 
processing unit to the x-th processing unit through the (x+1) -th 
processing unit to the n-th processing unit. When these 
instructions have been decoded, the (x-p) -th processing unit 
to the x-th processing unit execute the processing according 
to the instructions by using the processing data held in the 
upstream latching units, and output the processing results to 
the downstream latching units. Thus, the processing results 
of the (x-p) -th processing unit to the x-th processing unit are 
held in the downstream latching units. Then, the (x+l)-th 
processing unit to the n-th processing unit sequentially pass 
the processing results of the (x-p)-th processing unit to the 



x-th processing unit held in the upstream latching units through 
these processing units. 

As explained above, according to the tenth aspect, the 
processing results of the (x-p) -th processing unit to the x-th 
processing unit held in the upstream latching units are passed 
through the (x+1) -th processing unit to the n-th processing unit 
at the time of decoding the instructions to the (x-p)-th 
processing unit to the x-th processing unit. Therefore, it is 
possible to reduce both the stage latch circuits and the wiring 
in the (x+1) -th processing unit to the n-th processing unit from 
the conventional levels. As a result, the hardware volume and 
power consumption can be reduced. Further, according to the" 
tenth aspect, the (x-p)-th processing unit to the x-th 
processing unit in the r-th processing unit to the s-th 
processing unit can execute the processing independent of other 
processing units. 

Other objects and features of this invention will become 
apparent from the following description with reference to the 
accompanying drawings . 

BRIEF DES CRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram that shows a structure of a first 
embodiment of the present invention. 

Fig. 2 is a flowchart that explains the operation of the 
first embodiment . 



Fig. 3 is a block diagram that shows a structure of a second 
embodiment of the present invention. 

Fig. 4 is a flowchart that explains the operation of the 
second embodiment. 

Fig. 5 is a block diagram that shows a structure of a third 
embodiment of the present invention. 

Fig. 6 is a flowchart that explains the operation of the 
third embodiment. 

Fig. 7 is a flowchart that explains the operation of the 
third embodiment. 

Fig. 8 is a flowchart that explains the operation of the 
third embodiment. 

Fig . 9 is a block diagram that shows a structure of a fourth 
embodiment of the present invention. 

Fig. 10 is a flowchart that explains the operation of the 
fourth embodiment . 

Fig. 11 is a flowchart that explains the operation of the 
fourth embodiment . 

Fig. 12 is a flowchart that explains the operation of the 
fourth embodiment. 

Fig. 13 is a block diagram that shows a structure of a 
fifth embodiment of the present invention. 

Fig. 14 is a flowchart that explains the operation of the 
fifth embodiment. 

Fig. 15 is a block diagram that shows a structure of a 



sixth embodiment of the present invention. 

Fig. 16 is a flowchart that explains the operation of the 
sixth embodiment. 

Fig. 17 is a block diagram that shows a structure of a 
seventh embodiment of the present invention. 

Fig. 18 is a block diagram that shows the structure of 
the seventh embodiment of the present invention. 

Fig. 19 is a flowchart that explains the operation of the 
seventh embodiment . 

Fig. 20 is a flowchart that explains the operation of the 
seventh embodiment . 

Fig. 21 is a flowchart that explains the operation of the" 
seventh embodiment . 

Fig. 22 is a block diagram that shows a structure of an 
eighth embodiment of the present invention. 

Fig. 23 is a block diagram that shows the structure, of 
the eighth embodiment. 

Fig. 24 is a flowchart that explains the operation of the 
eighth embodiment. 

Fig. 25 is a flowchart that explains the operation of the 
eighth embodiment. 

Fig. 2 6 is a flowchart that explains the operation of the 
eighth embodiment. 

Fig. 27 is a diagram that shows a structure of a 
conventional pipeline operator. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First to eighth embodiments of a pipeline operator 
relating to the present invention will be explained below with 
reference to the attached drawings. 

Fig. 1 is a block diagram that shows a structure of a first 
embodiment of the present invention. The pipeline operator 
shown in this drawing has two processing stages of a first 
processing stage and a second processing stage. An operator 
120 L is provided at the first processing stage and an operator 
120 2 is provided at the second processing stage. A 
processing-data register 100 holds a first processing data' 
(source operand) SOURCE^ A processing-data register 200 holds 
a second processing data (source operand) . An instruction 
register 300 is provided corresponding to an instruction 
pipeline path P 300 . The instruction register 300 holds an 
instruction INST X and an instruction INST 2 . The instruction 
INST-L is a processing instruction dispatched to the operator 
120 lf and the instruction INST 2 is a processing instruction 
dispatched to the operator 120 2 . 

Further, according to the pipeline operator of the first 
embodiment, stage latch circuits for temporarily holding data 
and instructions are provided at an input stage of the two 
processing stages, between the first processing stage and the 
second processing stage (inter-processing stage) , and at an 
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output stage of the two processing stages, respectively. 
Specifically, a stage latch circuit 110^ a stage latch circuit 
210 x and a stage latch circuit 310! are provided in parallel 
at the input stage. A stage latch circuit 110 2 and a stage latch 
circuit 310 2 are provided. in parallel between the processing 
stages. A stage latch circuit 110 3 is provided at the output 
stage. The stage latch circuit 110 x and the stage latch circuit 
110 2 are sequentially driven in one clock cycle in such a order 
of the input stage — > the processing stage — > the output stage. 

When the number of the stage latch circuits between the 
processing stages (between the first processing stage and the 
second processing stage) in the structure of Fig. 1 is compared" 
with the conventional pipeline operator shown in Fig. 27 for, 
it will be noticed that there are three stage latch circuits 
(the stage latch circuit 11 2 , the stage latch circuit 21 2 and 
the stage latch circuit 31 2 ) in Fig. 27, while there are two 
stage latch circuits (the stage latch circuit 110 2 and the stage 
latch circuit 310 2 ) in Fig. 1. 

At the first processing stage, the stage latch circuit 
HOi is provided corresponding to the processing-data register 
100 (pipeline path P 100 ) , and holds the first processing data 
SOURCEi from the processing-data register 100 . The stage latch 
circuit 210! is provided corresponding to the processing-data 
register 200, and holds the second processing data from the 
processing-data register 200. The stage latch circuit 310! is 



provided corresponding to the instruction register 300, and 
holds the instruction INST^ and the instruction INST 2 from the 
instruction register 300 . The instruction decoder 320 x decodes 
the instruction INST X from the stage latch circuit 310^ When 
the instruction INST X has been decoded, the operator 120 L 
executes the processing according to the instruction INST X by 
using the value (the first processing data SOURCE^ of the stage 
latch circuit HOi and the value (the second processing data) 
of the stage latch circuit 210^ The operator 120 x then outputs 
the result of the processing to the stage latch circuit 110 2 . 

When the instruction other than the instruction INS^ (the 
instruction INST 2 in this case) has been input, the instruction* 
decoder 320i decodes this instruction as a through instruction 
SRCi, and controls the operator 120^ When the through 
instruction SRC 1 has been input, the operator 120 x passes only 
the first processing data SOURCEi through out of the two 
processing data (the first processing data SOURCE L and the 
second processing data) . 

At the second processing stage, the stage latch circuit 
110 2 is provided corresponding to the processing-data register 
100, and holds the processing result of the operator 120 x or 
the output value (the first processing data SOURCEJ of the 
operator 120 x . The stage latch circuit 310 2 is provided 
corresponding to the instruction register 300, and holds the 
values (the instruction INST X and the instruction INST 2 ) of the 



stage latch circuit 310 x . The instruction decoder 320 2 decodes 
the instruction INST 2 from the stage latch circuit 310 2 . When 
the instruction INST 2 has been decoded, the operator 120 2 
executes the processing according to the instruction INST 2 by 
using the value of the stage latch circuit 110 2 , and outputs 
the result of the processing. A bypass line B 2 is provided in 
parallel with the operator 120 2 , and guides the value of the 
stage latch circuit 110 2 to pass through this bypass line to 
a multiplexer 400 2 without passing through the operator 120 2 . 

The multiplexer 400 2 is a two-input and one-output type 
changeover unit that is changeover controlled by the 
instruction decoder 320 2 . The multiplexer 400 2 outputs one of" 
the processing result of the operator 120 2 and the value of the 
stage latch circuit 110 2 . Specifically, the multiplexer 400 2 
outputs the processing result of the operator 120 2 when the 
instruction INST 2 has been decoded by the instruction decoder 
320 2 . On the other hand, the multiplexer 400 2 outputs the value 
of the stage latch circuit 110 2 when the instruction other than 
the instruction INST 2 (the instruction INST X in this case) has 
been input to the instruction decoder 320 2 . The stage latch 
circuit 110 3 holds the processing result of the operator 120 2 
or the value of the stage latch circuit 110 2 according to the 
changeover state of the multiplexer 400 2 . A processing-result 
register 500 holds a value of the stage latch circuit 110 3 , that 
is, a processing result (a destination operand) of the pipeline 



operator . 

In this first embodiment, the operator 120 x of the first 
processing stage and the operator 120 2 of the second processing 
stage execute the processing respectively according to the 
instructions (the instruction INSTi and the instruction INST 2 ) 
that have no mutual relationship. In other words, when there 
is no correlation, the processing of the operator 120! and the 
processing of the operator 120 2 are carried out independent of 
each other . Further, in this first embodiment, when the through 
instruction SRCi has been decoded at the first processing stage, 
the first processing data SOURCE! is passed through. 

The operation of the first embodiment will be explained" 
with reference to a flowchart shown in Fig. 2. The operation 
when the instruction INST X has been dispatched will be explained 
first. At step SA1 shown in Fig. 2, the first processing data 
SOURCE^ the second processing data and the instruction INSTi 
are held in the processing-data" register 100, the 
processing-data register 200 and the instruction register 300 
respectively. Thus, the first processing data SOURCE^ the 
second processing data and the instruction INSTi are held in 
the stage latch circuit 110 x , the stage latch circuit 210! and 
the stage latch circuit 310i respectively. 

At the next step SA2, the instruction decoder 320i decides 
the kind of the instruction held in the stage latch circuit 310i. 
In this case, the instruction INST! is being held in the stage 



latch circuit 310!. Therefore, the instruction decoder 320 1 
proceeds to step SA3 . At the step SA3, the instruction decoder 
320 x decodes the instruction INST X from the stage latch circuit 
310!- The operator 120i thus executes the processing according 
to the instruction INSTi by using the value (the first processing 
data SOURCE!) of the stage latch circuit 110! and the value (the 
second processing data) of the stage latch circuit 210!. 

At the next step SA4, the processing result of the 
operator 120i is held in the stage latch circuit 110 2 . At this 
time, the value (the instruction INSTJ of the stage latch 
circuit 310i is held in the stage latch circuit 310 2 . At the 
next step SA8, the instruction decoder 320 2 decides the kind" 
of the instruction held in the stage latch circuit 310 2 . In 
this case, the instruction INST X is being held in the stage latch 
circuit 310 2 . Therefore, the instruction decoder 320 2 proceeds 
to step SA11 . 

At the step SA11, the instruction decoder 320 2 makes the 
multiplexer 400 2 select the stage latch circuit 110 2 . Thus, at 
step SA12, the operator 120 2 does not operate. At step SA13, 
the value (the processing result of the operator 120i) of the 
stage latch circuit 110 2 is held in the stage latch circuit 110 3 
through the bypass line B 2 and the multiplexer 400 2 . At the next 
step SA14, the processing-result register 500 holds the 
processing result of the operator 120i as the processing result 
of the pipeline operator. 
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The operation when the instruction INST 2 has been 
dispatched will be explained next. At the step SA1 shown in 
Fig. 2, the first processing data SOURCE^ the second processing 
data and the instruction INST 2 are held in the processing-data 
register 100, the processing-data register 200 and the 
instruction register 300 respectively. Thus, the first 
processing data SOURCE^ the second processing data and the 
instruction INST 2 are held in the stage latch circuit 110 17 the 
stage latch circuit 210 L and the stage latch circuit 310! 
respectively . 

At the next step SA2, the instruction decoder 320 x decides 
the kind of the instruction held in the stage latch circuit 310!. ' 
In this case, the INST 2 is being held in the stage latch circuit 
310!. Therefore, the instruction decoder 320i proceeds to step 
SA5. At the step SA5, the instruction decoder 320i converts 
the instruction INST 2 from the stage latch circuit 310i into 
the through instruction SRC^, and then proceeds to step SA6 . 
At the step SA6, the instruction decoder 320i decodes the through 
instruction SRCV Thus, the operator 120 x passes the value (the 
first processing data SOURCE^ of the stage latch circuit 110 x 
through the operator 120!. 

At the next step SA7, the value (the first processing data 
SOURCE^ of the stage latch circuit 110 x is held in the stage 
latch circuit 110 2 . At this time, the value (the instruction 
INST 2 ) of the stage latch circuit 310! is held in the stage latch 



circuit 310 2 . At the next step SA8, the instruction decoder 
320 2 decides the kind of the instruction held in the stage latch 
circuit 310 2 - In this case, the INST 2 is being held in the stage 
latch circuit 310 2 . Therefore, the instruction decoder 320 2 
proceeds to step SA9 . 

At the step SA9, the instruction decoder 320 2 makes the 
multiplexer 400 2 select the stage latch circuit 120 2 . The 
instruction decoder 320 2 decodes the instruction INST 2 from the 
stage latch circuit 310 2 . The operator 120 2 then executes the 
processing according to the instruction INST 2 by using the value 
(the first processing data SOURCE^ of the stage latch circuit 
110 2 . At the next step SA10, the processing result of the stage' 
latch circuit 120 2 is held in the stage latch circuit 110 3 . At 
the next step SA14, the processing-result register 500 holds 
the processing result of the operator 120 2 as the processing 
result of the pipeline operator. 

As explained above, according to the first embodiment, 
the instruction decoder 320 x converts the instruction other than 
the instruction INST t into the through instruction SRC^. The 
operator 120! passes the first processing data SOURCE! through 
this operator. There is provided the bypass line B 2 at the 
second processing stage. Therefore, it is possible to share 
the stage latch circuit 110 2 between the operator 120! and the 
operator 120 2 , and it is also possible to reduce the wiring 
volume. As a result, according to the first embodiment, the 



sharing of the stage latch circuit 110 2 makes it possible to 
reduce both hardware volume and power consumption. 

Fig. 3 is a block diagram that shows a structure of a second 
embodiment of the present invention. In this figure, parts 
corresponding to those in Fig. 1 are attached with identical 
reference symbols. However, the functions of the instruction 
decoder 320 x and the instruction decoder 320 2 shown in Fig. 3 
are different from the functions of the instruction decoder 320 1 
and the instruction decoder 320 2 shown in Fig. 1 as described 
later. As shown in Fig. 3, a multiplexer 400! and a bypass line 
B L are additionally provided at the first processing stage 
respectively. On the other hand, the multiplexer 400 2 and the" 
bypass line B 2 shown in Fig. 1 are not provided at the second 
processing stage in Fig. 3. 

In Fig. 3, the instruction decoder 320 1 at the first 
processing stage decodes an instruction INST X from a stage latch 
circuit 310!. When the instruction INST X has been decoded, an 
operator 120 x executes the processing according to the 
instruction INST X by using the value of the stage latch circuit 
110 x and the value of the stage latch circuit 210^ and outputs 
a processing result RESULT! . The bypass line B x is provided in 
parallel with the operator 120!, and guides the value of the 
stage latch circuit HOi to pass through this bypass line to 
a multiplexer 400! without passing through the operator 120i- 

The multiplexer 400i is a two-input and one-output type 



changeover unit that is changeover controlled by the 
instruction decoder 320 x . The multiplexer 400! outputs one of 
the processing result RESULT^ of the operator 120 x and the value 
of the stage latch circuit 110^ Specifically, the multiplexer 
400! outputs the processing result RESULT^ of the operator 120 x 
when the instruction INSTi has been decoded by the instruction 
decoder 320 x . On the other hand, the multiplexer 400! outputs 
the value of the stage latch circuit 110! when the instruction 
other than the instruction INST! (for example, the instruction 
INST 2 ) has been input to the instruction decoder 320 x . 

The instruction decoder 320 2 decodes the instruction INST 2 
from the stage latch circuit 310 2/ and controls the operator" 
120 2 . When the instruction INST 2 has been decoded, the operator 
120 2 executes the processing according to the instruction INST 2 
by using the value (the first processing data) of the stage latch 
circuit 110i, and outputs the processing result to the stage 
latch circuit 110 3 . 

When the instruction other than the instruction INST 2 (the 
instruction INS^ in this case) has been input, the instruction 
decoder 320 2 converts this instruction into the through 
instruction SRC^, and decodes this through instruction SRC X . 
When the through instruction SRC X has been input, the operator 
120 2 passes the value (the processing result of RESULT^ of the 
stage latch circuit 110 2 through this operator. The stage latch 
circuit 110 3 holds the value (the processing result RESULT^ 



of the stage latch circuit 110 2 or the processing result of the 
operator 120 2 according to the changeover state of the 
multiplexer 400^ A processing-result register 500 holds a 
value of the stage latch circuit 110 3 , that is, a processing 
result (a destination operand) of the pipeline operator. 

In the second embodiment, the operator 120 x of the first 
processing stage and the operator 120 2 of the second processing 
stage execute the processing respectively according to the 
instructions (the instruction INST*! and the instruction INST 2 ) 
that have no mutual relationship, in a similar manner to that 
of the first embodiment. In other words, when there is no 
correlation, the processing of the operator 120 x and the 
processing of the operator 120 2 are carried out independent of 
each other. Further, in the second embodiment, when the through 
instruction SRC 1 has been decoded at the second processing stage, 
the processing result RESULT X of the operator 120! at the first 
processing stage is passed through. 

The operation of the second embodiment will be explained 
with reference to a flowchart shown in Fig. 4. The operation 
when the instruction INST X has been dispatched will be explained 
first. At step SB1 shown in Fig. 4, the first processing data, 
the second processing data and the instruction INST X are held 
in the processing-data register 100, the processing-data 
register 200 and the instruction register 300 respectively. 
Thus, the first processing data, the second processing data and 



the instruction INST^ are held in the stage latch circuit 110 x , 
the stage latch circuit 210 1 and the stage latch circuit 310! 
respectively. 

At the next step SB2, the instruction decoder 320 x decides 
the kind of the instruction held in the stage latch circuit 310^ 
In this case, the instruction INST X is being held in the stage 
latch circuit 310!. Therefore, the instruction decoder 320 x 
proceeds to step SB3 . At the step SB3, the instruction decoder 
320 x makes the multiplexer 400! select the operator 120i- The 
instruction decoder 320i decodes the instruction INSTi from the 
stage latch circuit 310! and controls the operator 120 1 . The 
operator 120! thus executes the processing according to the 
instruction INSTi by using the value (the first processing data) 
of the stage latch circuit 110i and the value (the second 
processing data) of the stage latch circuit 210i. At the next 
step SB4, the processing result RESULT X of the operator 120! 
is held in the stage latch circuit 110 2 through the multiplexer 
400 x . In parallel with this, the value (the instruction INST^ 
of the stage latch circuit 310! is held in the stage latch circuit 
310 2 . 

At the next step SB8, the instruction decoder 320 2 decides 
the kind of the instruction held in the stage latch circuit 310 2 . 
In this case, the instruction other than the instruction INST 2 , 
that is, the instruction INST^ is being held in the stage latch 
circuit 310 2 . Therefore, the instruction decoder 320 2 proceeds 



to step SB11. At the step SB11, the instruction decoder 320 2 
decodes the value (the instruction INSTJ of the stage latch 
circuit 310 2/ and converts the instruction INST X into the through 
instruction SRC^. The instruction decoder 320 2 then proceeds 
to step SB12. 

At the step SB12, the instruction decoder 320 2 decodes 
the through instruction SRC^. The operator 120 2 then passes the 
value (the processing result RESULT^ of the stage latch circuit 
110 2 through this operator. At the next step SB13, the value 
(the processing result RESULT^ of the stage latch circuit 110 2 
is held in the stage latch circuit 110 3 . At the next step SB14, 
the processing-result register 500 holds the processing result" 
of the operator 120 L as the processing result RESULT of the 
pipeline operator . 

The operation when the instruction INST 2 has been 
dispatched will be explained next. At the step SB1 shown in 
Fig. 4, the first processing data, the second processing data 
and the instruction INST 2 are held in the processing-data 
register 100, the processing-data register 200 and the 
instruction register 300 respectively. Thus, the first 
processing data, the second processing data and the instruction 
INST 2 are held in the stage latch circuit 110 x , the stage latch 
circuit 210! and the stage latch circuit 310 r respectively. 

At the next step SB2, the instruction decoder 320 x decides 
the kind of the instruction held in the stage latch circuit 310^ 



In this case, the INST 2 is being held in the stage latch circuit 
310 x . Therefore, the instruction decoder 320 1 proceeds to step 
SB5. At the step SB5, the instruction decoder 320i makes the 
multiplexer 400 x select the stage latch circuit 110 1 . At step 
SB6, the operator 120! does not operate. At step SB7, the value 
(the first processing data) of the stage latch circuit HC^ is 
held in the stage latch circuit 110 2 through the bypass line 
B x and the multiplexer 400!. 

At the next step SB8, the instruction decoder 320 2 decides 
the kind of the instruction held in the stage latch circuit 310 2 . 
In this case, the INST 2 is being held in the stage latch circuit 
310 2 . Therefore, the instruction decoder 320 2 proceeds to step 
SB9. At the step SB9, the instruction decoder 320 2 decodes the 
instruction INST 2 from the stage latch circuit 310 2 . The 
operator 120 2 then executes the processing according to the 
instruction INST 2 by using the value (the first processing data) 
of the stage latch circuit 110 2 . At the next step SB10, the 
processing result of the operator 120 2 is held in the stage latch 
circuit 110 3 . At the next step SB14, the processing-result 
register 500 holds the processing result of the operator 120 2 
as the processing result of the pipeline operator. 

As explained above, according to the second embodiment, 
the multiplexer 400! is provided at the first processing stage, 
and the value of the stage latch circuit 110 x or the processing 
result of the operator 120! is held in the stage latch circuit 



110 2 . Furthermore, the instruction decoder 320 2 converts the 
instruction other than the instruction INST 2 into the through 
instruction SRC^ and the operator 120 2 passes the processing 
result RESULT^ through this operator. Therefore, it is 
possible to reduce both the stage latch circuits and the wiring 
volume at the downstream of the operator 120 2 . As a result, 
according to the second embodiment, it is possible to reduce 
both hardware volume and power consumption. 

Fig. 5 is a block diagram that shows a structure of a third 
embodiment of the present invention. In this drawing, parts 
corresponding to those in Fig. 1 are attached with identical 
reference symbols. The pipeline operator shown in Fig. 5 has 
n processing stages including a first processing stage to an 
n-th processing stage. However, Fig. 5 shows only the first 
processing stage, the (x-l)-th processing stage (1 < x < n) , 
the x-th processing stage, the (x+l)-th processing stage, and 
the n-th processing stage. All other processing stages are not 
shown for simplicity of explanation. 

According to the pipeline operator of the third 
embodiment, there are provided a plurality of stage latch 
circuits for temporarily holding data and instructions at an 
input stage of the n-stage processing stages, between the 
processing stages, and at an output stage of the n-stage 
processing stages, respectively. Specifically, a stage latch 
circuit 110 lf a stage latch circuit 210 x and a stage latch circuit 



310 x are provided in parallel at the input stage . A stage latch 
circuit 110 n+1 is provided at the output stage. The stage latch 
circuits between the processing stages will be explained later. 

As shown in Fig. 5, a processing-data register 100 holds 
a first processing data (source operand) SOURCE x . A 
processing-data register 200 holds a second processing data 
(source operand) SOURCE 2 . An instruction register 300 holds 
instructions INST llf INST 12 , • • • , INST x . llf • • • , INST n that are 
used at the respective processing stages. 

At the first processing stage, the stage latch circuit 
llOj. holds the first processing data SOURCEi from the 
processing-data register 100, and the stage latch circuit 210^ 
holds the second processing data SOURCE 2 from the 
processing-data register 200. The stage latch circuit 310! is 
provided corresponding to the instruction register 300, and 
holds the instruction INST^ and the instruction INST 12 from the 
instruction register 300. The instruction decoder 320 1X 
decodes the instruction INST^ from the stage latch circuit 310! . 

When the instruction INST^ has been decoded, the operator 
120! executes the processing according to the instruction INST U 
by using the value (the first processing data SOURCE!) of the 
stage latch circuit 110i and outputs the result of the processing 
to the stage latch circuit 110 2 . When the instruction other 
than the instruction INST!! has been input, the instruction 
decoder 320^ converts this instruction into a through 
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instruction SRC lf and decodes this through instruction SRC^. 
When the through instruction SRC^ has been input, the operator 
120 x passes the first processing data SOURCE! through this 
operator . 

The instruction decoder 320 12 decodes the instruction 
INST 12 from the stage latch circuit 310^ When the instruction 
INST 12 has been decoded, the operator 220 1 executes the 
processing according to the instruction INST 12 by using the value 
(the second processing data SOURCE 2 ) of the stage latch circuit 
210! and outputs the result of the processing to the stage latch 
circuit 210 2 . When the instruction other than the instruction 
INST 12 has been input, the instruction decoder 320 12 converts 
this instruction into a through instruction SRC 2/ and decodes 
this through instruction SRC 2 . When this through instruction 
SRC 2 has been input, the operator 220 x passes the second 
processing data SOURCE 2 through this operator. 

The stage latch circuit 110 2 , the stage latch circuit 210 2 
and the stage latch circuit 310 2 are provided between the first 
processing stage and the not shown second processing stage. 
These stage latch circuits hold the output value of the operator 
120 lf the output value of the operator 220 x and the output value 
of the stage latch circuit 310 x respectively. The second 
processing stage to the (x-l)-th processing stage have similar 
structures to that of the first processing stage. 

In other words, at the (x-l)-th processing stage, the 



stage latch circuit 110 x . x holds the first processing data 
SOURCEi or the processing result of the (x-2)-th processing 
stage (not shown) . The stage latch circuit 210^ holds the 
second processing data SOURCE 2 or the processing result of the 
(x-2) -th processing stage (not shown) . The stage latch circuit 
310 x _ x holds the value (the instruction INST 1X , the instruction 
INST 12/ etc.) of the stage latch circuit at the (x-2)-th 
processing stage. The instruction decoder 320 X _ X1 decodes the 
instruction INST X _ X1 from the stage latch circuit 310^. 

When the instruction INST X . 1X has been decoded, the 
operator 120^ executes the processing according to the 
instruction INST X . 1X by using the value of the stage latch circuit 
110,.! and outputs the result of the processing to the stage latch 
circuit 110 x . When the instruction other than the instruction 
INST^n has been input, the instruction decoder 320 x _n converts 
this instruction into a through instruction SRC lf and decodes 
this through instruction SRC^ to the operator 120^. When the 
through instruction SRC L has been input, the operator 120^ 
passes the value of the stage latch circuit HO^ through this 
operator . 

The instruction decoder 320 x _ 12 decodes the instruction 
INST X _ 12 from the stage latch circuit 310^. When the 
instruction INST X _ 12 has been decoded, the operator 220 x _ x 
executes the processing according to the instruction INST X _ 12 
by using the value of the stage latch circuit 210^ and outputs 
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the result of the processing to the stage latch circuit 210 x . 
When the instruction other than the instruction INST X _ 12 has been 
input, the instruction decoder 320 x _ 12 converts this instruction 
into a through instruction SRC 2/ and decodes this through 
instruction SRC 2 to the operator 220^. When this through 
instruction SRC 2 has been input, the operator 2 2 0 x-1 passes the 
value of the stage latch circuit 210^ through this operator. 

At the x-th processing stage, the stage latch circuit 110 x 
holds the first processing data SOURCEi or the processing result 
of the operator 120 x _ x at the (x-l)-th processing stage. The 
stage latch circuit 210 x holds the second processing data SOURCE 2 
or the processing result of the operator 220^ at the (x-l)-th- 
processing stage. The stage latch circuit 310 x holds the value 
(the instruction INST^, the instruction INST 12/ etc.) of the 
stage latch circuit 310^. The instruction decoder 320 x decodes 
the instruction INST X from the stage latch circuit 310 x . 

When the instruction INST X has been decoded, the operator 
120 x executes the processing according to the instruction INST X 
by using the value of the stage latch circuit 110 x and the value 
of the stage latch circuit 210 x , and outputs the result of the 
processing to the stage latch circuit 110 x+1 . When the 
instruction other than the instruction INST X has been input, 
the instruction decoder 320 x converts this instruction into the 
through instruction SRC^ and decodes this instruction SRC X to 
the operator 120 x . The operator 120 x passes only the value of 
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multiplexer 400 x+1 outputs the processing result of the operator 
120 x+1 when the instruction INST X+1 has been decoded by the 
instruction decoder 320 x+1 . On the other hand, the multiplexer 
400 x+1 outputs the value of the stage latch circuit 110 x+1 when 
the instruction other than the instruction INST X+1 has been input 
to the instruction decoder 320 x+1 . The stage latch circuit 110 x+2 
holds the processing result of the operator 120 x+1 or the value 
of the stage latch circuit 110 x+1 according to the changeover 
state of the multiplexer 4 00 x+1 . The stage latch circuit 110 x+2 
and the stage latch circuit 310 x+2 are provided between the 
(x+l)-th processing stage and the (x+2)-th processing stage 
(not shown) respectively, and they hold the output of the 
multiplexer 400 x+1 and the value of the stage latch circuit 310 x+1 
respectively. The (x+2)-th processing stage to the n-th 
processing stage have similar structures to that of the (x+1) -th 
processing stage. 

In other words, at the n-th processing stage, the stage 
latch circuit 110 n holds the first processing data SOURCE! or 
the processing result at the (n-l)-th processing stage (not 
shown) . The stage latch circuit 310 n holds the value of the 
stage latch circuit at the (n-l)-th stage. The instruction 
decoder 320 n decodes the instruction INST n from the stage latch 
circuit 310 n . When the instruction INST n has been decoded, the 
operator 120 n executes the processing according to the 
instruction INST n by using the value of the stage latch circuit 



110 n , and outputs the result of the processing. A bypass line 
B n is provided in parallel with the operator 120 n , and guides 
the value of the stage latch circuit 110 n to pass through this 
bypass line to a multiplexer 400 n without passing through the 
operator 120 n . 

The multiplexer 400 n is changeover controlled by the 
instruction decoder 320 n . The multiplexer 400 n outputs the 
processing result of the operator 120 n when the instruction lNST n 
has been decoded by the instruction decoder 320 n . On the other 
hand, the multiplexer 400 n outputs the value of the stage latch 
circuit 110 n when the instruction other than the instruction 
INST n has been input to the instruction decoder 320 n . The stage- 
latch circuit 110 n+1 holds the processing result of the operator 
120 n or the value of the stage latch circuit 110 n according to 
the changeover state of the multiplexer 400 n . A 
processing-result register 500 holds a value of the stage latch 
circuit 110 n+1 , that is, a processing' result (a destination 
operand) of the pipeline operator. 

In the third embodiment, the respective operators at the 
first processing stage to n-th processing stage execute the 
processing respectively according to the instructions that have 
no mutual relationship. In other words, when there is no 
correlation, the processing of each operator is carried out 
independent of each other. Further, in the third embodiment, 
when the through instruction SRC X and the through instruction 



SRC 2 have been decoded at the first processing stage to the 
(x-l)-th processing stage, the first processing data SOURCEi 
and the second processing data SOURCE 2 are passed through. 

The operation of the third embodiment will be explained 
with reference to flowcharts shown in Fig. 6 to Fig. 8. The 
operation when the instruction INST X has been dispatched to the 
operator 120 x at the x-th processing stage will be explained 
first. At step SCI shown in Fig. 6, the first processing data 
SOURCE! , the second processing data SOURCE 2 and the instruction 
INST X are held in the processing-data register 100, the 
processing-data register 200 and the instruction register 300 
respectively. Thus, the first processing data SOURCE^ the* 
second processing data SOURCE 2 and the instruction INST X are 
held in the stage latch circuit 110^ the stage latch circuit 
210! and the stage latch circuit 310! respectively. 

At the next step SC2, the instruction decoder 320 X1 and 
the instruction decoder 320 12 decide the" kind of the instruction 
held in the stage latch circuit 310 x . In this case, the 
instruction INST X is being held in the stage latch circuit 310! . 
Therefore, the instruction decoder 320 1X and the instruction 
decoder 320 12 proceed to step SC5 . When the instruction INST^ 
and the instruction INST 12 are being held in the stage latch 
circuit 310!, the instruction decoder 320!! and the instruction 
decoder 320 i2 proceed to step SC3 . At the step SC3 , the 
instruction decoder 320^ and the instruction decoder 320 i2 



decode the instruction INST 1L and the instruction INST 12 to the 
operator 120 x and the operator 220 x respectively. The operator 
120i and the operator 220 x thus execute the processing according 
to the instruction INST X1 and the instruction INST 12 by using 
the value (the first processing data SOURCE^ of the stage latch 
circuit 110! and the value (the second processing data SOURCE 2 ) 
of the stage latch circuit 210! respectively. At step SC4, the 
processing result of the operator 120 x and the processing result 
of the operator 220 x are held in the stage latch circuit 110 2 
and the stage latch circuit 210 2 respectively. 

At the step SC5, the instruction decoder 320^ and the 
instruction decoder 320 12 decode the value (the instruction* 
1NSTJ of the stage latch circuit 310! respectively, and convert 
the instruction INST X into a through instruction SRC X and a 
through instruction SRC 2 respectively. The instruction 
decoder 320 X1 and the instruction decoder 320 12 then proceed to 
step SC6. At the step SC6, the instruction decoder 320^ and 
the instruction decoder 320 12 decode the through instruction 
SRC X and the through instruction SRC 2 to the operator 120! and 
the operator 220 x respectively. The operator 120! and the 
operator 220 x then pass the value (the first processing data 
SOURCEi) of the stage latch circuit HOi and the value (the second 
processing data SOURCE 2 ) of the stage latch circuit 210! through 
the respective operators. 

At the next step SC7, the value (the first processing data 



SOURCE! ) of the stage latch circuit 110! and the value (the second 
processing data SOURCE 2 ) of the stage latch circuit 210 1 are 
held in the stage latch circuit 110 2 and the stage latch circuit 
210 2 respectively. The value (the instruction INSTJ of the 
stage latch circuit 310! is held in the stage latch circuit 310 2 . 
Thereafter, at the second processing stage to the (x-2)-th 
processing stage (not shown) , the through instruction SRC X and 
the through instruction SRC 2 are decoded respectively. The 
first processing data SOURCEi and the second processing data 
SOURCE 2 are then sequentially passed through the respective 
processing stages, in a similar manner to that of the first 
processing stage. At the second processing stage to the" 
(x-2)-th processing stage, the instruction INST X is held 
sequentially in the stage latch circuits. 

At the (x-l)-th processing stage, at step SC8, the 
instruction INST X is being held in the stage latch circuit 310^. 
Therefore, the instruction decoder. 320 x . n and the instruction 
decoder 320 x _ 12 proceed to step SC11. When the instruction 
INST^n and the instruction INST X . 12 are being held in the stage 
latch circuit 310^, the instruction decoder 320^^ and the 
instruction decoder 320 x . 12 proceed to step SC9 . At the step SC9, 
instruction decoder 320^ and the instruction decoder 320 x . 
12 decode the instruction INST^n and the instruction INST X _ 12 to 
the operator 120^ and the operator 220^ respectively. The 
operator 12 and the operator 220 x . x then execute the 



processing corresponding to the instruction INST^^ and the 
instruction INST X _ 12 by using the value of the stage latch circuit 
llO^x and the value of the stage latch circuit 210^ respectively. 
At step SC10, the processing result of the operator 120^ and 
the processing result of the operator 220 x _ x are held in the stage 
latch circuit 110 x and the stage latch circuit 210 x respectively. 

At the step SC11, the instruction decoder 320^^ and the 
instruction decoder 320 x _ 12 decode the value (the instruction 
INSTJ of the stage latch circuit 310 x _ x respectively, and 
convert the instruction INST X into a through instruction SRC 1 
and a through instruction SRC 2 respectively. The instruction 
decoder 320 x _ 1± and the instruction decoder 320 x _ 12 then proceed- 
to step SC12. At the step SC12, the instruction decoder 320 X . 1X 
and the instruction decoder 320 x _ 12 decode the through 
instruction SRC X and the through instruction SRC 2 to the operator 
120*.! and the operator 220^ respectively. The operator 120^ 
and the operator 220^ then pass the value (the first processing 
data SOURCEJ of the stage latch circuit 110 x . x and the value 
(the second processing data SOURCE 2 ) of the stage latch circuit 
210 x . x through the respective operators. 

At the next step SC13, the value (the first processing 
data SOURCEi ) of the stage latch circuit 110^ and the value 
(the second processing data SOURCE 2 ) of the stage latch circuit 
210^! are held in the stage latch circuit 110 x and the stage 
latch circuit 210 x respectively. The value (the instruction 
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INSTJ of the stage latch circuit 310 x _! is held in the stage 
latch circuit 310 x . 

At the x-th processing stage, at step SC14 (refer to Fig. 
7), the instruction INST X is being held in the stage latch 
circuit 310 x . Therefore, the instruction decoder 320 x proceeds 
to step SC15. When the instruction other than the instruction 
INST X is being held in the stage latch circuit 310 x , the 
instruction decoder 320 x proceeds to step SC17. At the step 
SC17, instruction decoder 320 x converts the instruction other 
than the instruction INST X into the through instruction SRC lf 
and proceeds to step SC18. At the step SC18, the instruction 
decoder 320 x decodes the through instruction SRC X to the operator* 
120 x . The operator 120 x then passes the value of the stage latch 
circuit 110 x through. At the next step SC19, the value of the 
stage latch circuit 110 x is held in the stage latch circuit 110 x+1 . 

At the step SC15, the instruction decoder 320 x decodes 
the instruction INST X from the stage latch circuit 310 x to the 
operator 120 x . The operator 120 x then executes the processing 
according to the instruction INST X by using the value (the first 
processing data SOURCEJ of the stage latch circuit 110 x and 
the value (the second processing data SOURCE 2 ) of the stage latch 
circuit 210 x . At step SC16, the processing result of the 
operator 120 x is held in the stage latch circuit 110 x+1 . At this 
time, the value (the instruction INSTJ of the stage latch 
circuit 310 x is held in the stage latch circuit 310 x+1 . 



At the (x+l)-th processing stage, at step SC20, the 
instruction INST X is being held in the stage latch circuit 310 x+1 . 
Therefore, the instruction decoder 320 x+1 proceeds to step SC23. 
When the instruction INST X+1 is being held in the stage latch 
circuit 310 x+1 , the instruction decoder 320 x+1 proceeds to step 
SC21. At the step SC21, the instruction decoder 320 x+1 makes 
the multiplexer 400 x+1 select the operator 120 x+1 . The 
instruction decoder 320 x+1 decodes the instruction INST X+1 from 
the stage latch circuit 310 x+1 . The operator 120 x+1 then executes 
the processing according to the instruction INST X+1 by using the 
value of the stage latch circuit 110 x+1 . At step SC22, the 
processing result of the operator 120 x+1 is held in the stage' 
latch circuit 110 x+2 . 

At the step SC23, the instruction decoder 320 x+1 makes the 
multiplexer 400 x+1 select the stage latch circuit 110 x+1 . Thus, 
at step SC24, the operator 120 x+1 does not operate . At step SC25, 
the value (the processing result of the operator 120 x ) of the 
stage latch circuit 110 x+1 is held in the stage latch circuit 
110 x+2 through the bypass line B x+1 and the multiplexer 400 x+1 . 
Thereafter, at the (x+2)-th processing stage to the (n-l)-th 
processing stage (not shown) , a stage latch circuit is selected 
by the multiplexer in a similar manner to that of the (x+l)-th 
processing stage. The processing result of the operator 120 x 
is sequentially passed through the respective processing stages . 
At the (x+2)-th processing stage to the (n-l)-th processing 
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stage, the instruction INST X is sequentially held in the stage 
latch circuits. 

At the n-th processing stage, at step SC26 (refer to Fig. 
8), the instruction INST X is being held in the stage latch 
circuit 310 n . Therefore, the instruction decoder 320 n proceeds 
to step SC29. When the instruction INST n is being held in the 
stage latch circuit 310 n/ the instruction decoder 320 n proceeds 
to step SC27. At the step SC27, instruction decoder 320 n makes 
the multiplexer 400 n select the operator 120 n . The instruction 
decoder 320 n decodes the instruction INST n from the stage latch 
circuit 310 n . The operator 120 n then executes the processing 
according to the instruction INST n by using the value of the* 
stage latch circuit 110 n . At the next step SC28, the processing 
result of the operator 120 n is held in the stage latch circuit 

no„ +1 . 

At the step SC29, the instruction decoder 320 n makes the 
multiplexer 400 n select the stage latch circuit 110 n . Thus, at 
step SC30, the operator 120 n does not operate. At step SC31, 
the value (the processing result of the operator 120 x ) of the 
stage latch circuit 110 n is held in the stage latch circuit 110 n+1 
through the bypass line B n and the multiplexer 400 n . At the next 
step SC32, the processing-result register 500 holds the 
processing result of the operator 120 x as the processing result 
of the pipeline operator. 

Next, the operation when the instruction INST X+1 has been 



dispatched to the operator 120 x+1 at the (x+l)-th processing 
stage will be explained. At the step SCI shown in Fig. 6, the 
first processing data SOURCE^ the second processing data 
SOURCE 2 and the instruction INST X+1 are held in the 
processing-data register 100, the processing-data register 200 
and the instruction register 300 respectively- Thus, the first 
processing data SOURCE^ the second processing data SOURCE 2 and 
the instruction INST X+1 are held in the stage latch circuit 110 lf 
the stage latch circuit 210 x and the stage latch circuit 310! 
respectively. 

Thereafter, at the first processing stage to the (x-1) -th 
processing stage, the through instruction SRC X and the through* 
instruction SRC 2 are decoded respectively in a similar manner 
to that of the above-described operation (at the step SC2, the 
step SC5 to the step SC8, and the step SC11 to the step SC13) . 
In other words, the first processing data SOURCEi and the second 
processing data SOURCE 2 are sequentially passed through the 
respective operators. At the first processing stage to the 
(x-l)-th processing stage, the instruction INST X+1 is 
sequentially held in the stage latch circuits. Therefore, at 
the x-th processing stage, the stage latch circuit 110 x , the 
stage latch circuit 210 x and the stage latch circuit 310 x hold 
the first processing data SOURCE x , the second processing data 
SOURCE 2 and the instruction INST X+1 respectively. 

At the x-th processing stage, at the step SC14 (refer to 
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Fig. 7) , the instruction INST X+1 is being held in the stage latch 
circuit 310 x . Therefore, the instruction decoder 320 x proceeds 
to step SC17. At the step SC17, instruction decoder 320 x 
converts the instruction INST X+1 into the through instruction 
SRCi, and then proceeds to the step SC18. At the step SC18, 
the instruction decoder 320 x decodes the through instruction 
SRC X to the operator 120 x . The operator 120 x then passes the 
value of the stage latch circuit 110 x through. At the next step 
SC19, the value of the stage latch circuit 110 x is held in the 
stage latch circuit 110 x+1 . At this time, the value (the 
instruction INST X+1 ) of the stage latch circuit 310 x is held in 
the stage latch circuit 310 x+1 . 

At the (x+l)-th processing stage, at the step SC20, the 
instruction INST X+1 is being held in the stage latch circuit 310 x+1 . 
Therefore, the instruction decoder 320 x+1 proceeds to step SC21. 
At the step SC21, the instruction decoder 320 x+1 makes the 
multiplexer 400 x+1 select the operator 120 x+1 . The instruction 
decoder 320 x+1 decodes the instruction INST X+1 from the stage 
latch circuit 310 x+1 . The operator 120 x+1 then executes the 
processing according to the instruction INST X+1 by using the 
value of the stage latch circuit 110 x+1 . At the next step SC22, 
the processing result of the operator 120 x+1 is held in the stage 
latch circuit 110 x+2 . 

Thereafter, at the (x+2)-th processing stage to the 
(n-l)-th processing stage (not shown), the processing similar 
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to that of the step SC23 to the step SC 25 is carried out. A 
stage latch circuit is selected by the multiplexer. The 
processing result of the operator 120 x+1 at the (x+l)-th 
processing stage is sequentially passed through the respective 
processing stages. At the (x+2)-th processing stage to the 
(n-l)-th processing stage, the instruction INST X+1 is 
sequentially held in the stage latch circuits. 

At the n-th processing stage, at the step SC26 (refer to 
Fig. 8) , the instruction INST X+1 is being held in the stage latch 
circuit 310 n . Therefore, the instruction decoder 320 n proceeds 
to the step SC29. At the step SC29, instruction decoder 320 n 
makes the multiplexer 400 n select the stage latch circuit 110 n .' 
At the step SC30, the operator 120 n does not operate. At the 
step SC31, the value (the, processing result of the operator 
120 x+1 ) of the stage latch circuit 110 n is held in the stage latch 
circuit 110 n+1 through the bypass line B n and the multiplexer 
400 n . At the next step SC32, the processing-result register 
500 holds the processing result of the operator 120 x+1 as the 
processing result of the pipeline operator. 

As explained above, according to the third embodiment, 
at the time of executing the processing at the x-th processing 
stage, the through instruction SRC^ and the through instruction 
SRC 2 are decoded respectively at the first processing stage to 
the (x-1) -th processing stage . Thus, the first processing data 
SOURCE! and the second processing data SOURCE 2 are passed through 



Therefore, it is possible to reduce both the stage latch 
circuits and the wiring volume at the first processing stage 
to the (x-l)-th processing stage from the conventional levels. 
As a result, according to the third embodiment, it is possible 
to reduce both hardware volume and power consumption. 

Fig . 9 is a block diagram that shows a structure of a fourth 
embodiment of the present invention. In this figure, parts 
corresponding to those in Fig. 5 are attached with identical 
reference symbols. The pipeline operator shown in Fig. 9 has 
n processing stages including a first processing stage to an 
n-th processing stage. However, Fig. 9 shows only the first 
processing stage, the (x-l)-th processing stage (1 < x < n),* 
the x-th processing stage, the (x+l)-th processing stage, and 
the n-th processing stage. All other processing stages are 
omitted from this drawing. 

Further, the instruction decoder 320 1X , the instruction 
decoder 320 12 and others shown in Fig. 9 have different functions 
to those of the instruction decoder 320^, the instruction 
decoder 320 12 and others shown in Fig. 5. As compared with Fig. 
5, Fig. 9 has additional components like a multiplexer 700!, 
a multiplexer 800!, bypass line B u and a bypass line B 12 at the 
first processing stage. Similarly, additional components like 
a multiplexer 700^, a multiplexer 800^, a bypass line B x . u and 
a bypass line B x _ 12 at the (x-l)-th processing stage. On the 
other hand, the multiplexer 400 x+1 and the bypass line B x+1 
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provided at the (x+l)-th processing stage shown in Fig. 5 are 
not provided in Fig. 9. Similarly, the multiplexer 400 n and 
the bypass line B n provided at the n-th processing stage shown 
in Fig. 5 are not provided in Fig. 9. 

As shown in Fig. 9, at the first processing stage, the 
instruction decoder 320 X1 decodes the instruction INST 1]L from 
the stage latch circuit 310!. When the instruction INST 1X has 
been decoded, the operator 120! executes the processing 
according to the instruction INST^ by using the value (the first 
processing data SOURCEi) of the stage latch circuit HO^ A 
bypass line B u is provided in parallel with the operator 120 lf 
and guides the value of the stage latch circuit HOi to pass- 
through this bypass line to a multiplexer 700i without passing 
through the operator 120!. 

The multiplexer 700! is a two-input and one-output type 
changeover unit that is changeover controlled by the 
instruction decoder 320 n . The multiplexer 700i outputs one of 
the processing result of the operator 120! and the value of the 
stage latch circuit 110i. Specifically, the multiplexer 700i 
outputs the processing result of the operator 120i when the 
instruction INST^ has been decoded by the instruction decoder 
320!!- On the other hand, the multiplexer 700i outputs the value 
of the stage latch circuit HOi when the instruction other than 
the instruction INST X1 has been input to the instruction decoder 



The instruction decoder 320 12 decodes the instruction 
INST 12 from the stage latch circuit 310 x . When the instruction 
INST 12 has been decoded, the operator 220 x executes the 
processing according to the instruction INST 12 by using the value 
(the second processing data SOURCE 2 ) of the stage latch circuit 
210!. A bypass line B 12 is provided in parallel with the operator 
220 x/ and guides the value of the stage latch circuit 210 L to 
pass through this bypass line to a multiplexer 800! without 
passing through the operator 220 x . 

The multiplexer 800! is a two-input and one-output type 
changeover unit that is changeover controlled by the 
instruction decoder 320 12 . The multiplexer 800! outputs one of' 
the processing result of the operator 220i and the value of the 
stage latch circuit 210!. Specifically, the multiplexer 800! 
outputs the processing result of the operator 220i when the 
instruction INST 12 has been decoded by the instruction decoder 
320 12 . On the other hand, the multiplexer 800i outputs the value 
of the stage latch circuit 210 x when the instruction other than 
the instruction INST 12 has been input to the instruction decoder 
320 12 . The stage latch circuit 110 2 , the stage latch circuit 
210 2 and the stage latch circuit 310 2 hold the outputs of the 
multiplexer 700^ the multiplexer 800! and the stage latch 
circuit 310! respectively. The second processing stage (not 
shown) to the (x-1) -th processing stage have similar structures 
to that of the first processing stage. 
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In other words, at the (x-1 ) -processing stage, the 
instruction decoder 320 x _ lx decodes the instruction INST^ from 
the stage latch circuit 310^ . When the instruction INST^n has 
been decoded, the operator 120^ executes the processing 
according to the instruction INST^ by using the value of the 
stage latch circuit 110^ . A bypass line B X _ L1 guides the value 
of the stage latch circuit 110^ to pass through this bypass 
line to a multiplexer 700^ without passing through the operator 
120^. 

The multiplexer 700^ is changeover controlled by the 
instruction decoder 32 0^!- The multiplexer 700^ outputs the 
processing result of the operator 120^ when the instruction- 
INST^n has been decoded by the instruction decoder 320 X _ X1 . On 
the other hand, the multiplexer 700^ outputs the value of the 
stage latch circuit 110^ when the instruction other than the 
instruction INST^ has been input to the instruction decoder 
320^. 

The instruction decoder 320 x _ 12 decodes the instruction 
INST X _ 12 from the stage latch circuit 310^. When the 
instruction INST X _ 12 has been decoded, the operator 220 x . x 
executes the processing according to the instruction INST X _ 12 
by using the value of the stage latch circuit 210^ . A bypass 
line B x _ 12 guides the value of the stage latch circuit 210^ to 
pass through this bypass line to a multiplexer 800^ without 
passing through the operator 220^. When the instruction 
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INST X _ 12 has been decoded by the instruction decoder 320 x _ 12 , the 
multiplexer 800^ outputs the processing result of the operator 
220^ . When the instruction other than the instruction INST X _ 12 
has been input to the instruction decoder 320 x _ 12 , the 
multiplexer 800^ outputs the value of the stage latch circuit 
210^. 

At the x-th-processing stage, the stage latch circuit 110 x , 
the stage latch circuit 210 x and the stage latch circuit 310 x 
hold the output value of the multiplexer 700 x . lf the output value 
of the multiplexer 800^ and the value of the stage latch circuit 
310 x .! respectively. The instruction decoder 320 x decodes the 
instruction INST X from the stage latch circuit 310 x . When the* 
instruction INST X has been decoded, the operator 120 x executes 
the processing according to the instruction INST X by using the 
value of the stage latch circuit 110 x and the value of the stage 
latch circuit 210 x , and outputs the processing result to the 
stage latch circuit 110 x+1 . When the instruction other than the 
instruction INST X has been input, the instruction decoder 320 x 
converts this into the through instruction SRC^, and decodes 
the through instruction SRC X to the operator 120 x . When the 
through instruction SRC 1 has been decoded, the operator 120 x 
passes only the value of the stage latch circuit 110 x out of 
the value of the stage latch circuit 110 x and the value of the 
stage latch circuit 210 x , through this operator. 

At the (x+1) -th processing stage, the stage latch circuit 



110 x+1 holds the value of the stage latch circuit 110 x or the 
processing result of the operator 120 x . The stage latch circuit 
310 x+1 holds the value of the stage latch circuit 310 x . The 
instruction decoder 320 x+1 decodes the instruction INST X+1 from 
the stage latch circuit 310 x+1 . When the instruction INST X+1 has 
been decoded, the operator 120 x+1 executes the processing 
according to the instruction INST X+1 by using the value of the 
stage latch circuit 110 x+1/ and outputs the processing result 
to the stage latch circuit 110 x+2 . When the instruction other 
than the instruction INST X+1 has been input, the instruction 
decoder 320 x+1 converts this into the through instruction SRC X , 
and decodes the through instruction SRC^ to the operator 120 x+1 .~ 
When the through instruction SRC^ has been decoded, the operator 
120 x+1 passes the value of the stage latch circuit 110 x+1 through 
this operator. Thereafter, the (x+2)-the processing stage 
(not shown) to the n-th processing stage have similar structures 
to that of the (x+l)-th processing stage. 

At the n-th processing stage, the stage latch circuit 110 n 
holds the value of the stage latch circuit 110(n-l)-th 
processing stage (not shown) or the processing result of the 
operator. The stage latch circuit 310 n holds the value of the 
stage latch circuit at the (n-l)-th processing stage. The 
instruction decoder 320 n decodes the instruction INST n from the 
stage latch circuit 310 n . When the instruction INST n has been 
decoded, the operator 120 n executes the processing according 



to the instruction INST n by using the value of the stage latch 
circuit 110 n , and outputs the processing result to the stage 
latch circuit 110 n+1 . When the instruction other than the 
instruction INST n has been input, the instruction decoder 320 n 
converts this into the through instruction SRC lf and decodes 
the through instruction SRC ± to the operator 120 n . When the 
through instruction SRC t has been decoded, the operator 120 n 
passes the value of the stage latch circuit 110 n through this 
operator. A processing-result register 500 holds a value of 
the stage latch circuit 110 n+1/ that is, a processing result (a 
destination operand) of the pipeline operator. 

In this fourth embodiment, the respective operators at* 
the first processing stage to n-th processing stage execute the 
processing respectively according to the instructions that have 
no mutual relationship, in a similar manner to that of the third 
embodiment. In other words, when there is no correlation, the 
processing of each operator is carried but independent of each 
other. Further, in this fourth embodiment, when the through 
instruction SRC 1 has been decoded at the (x+l)-th processing 
stage to the n-th processing stage, the processing result of 
the operator 120 x at the x-th processing stage is passed through. 

The operation of the fourth embodiment will be explained 
with reference to flowcharts shown in Fig. 10 to Fig. 12. The 
operation when the instruction INST X has been dispatched will 
be explained first. At step SD1 shown in Fig. 10, the first 



processing data SOURCE^ the second processing data SOURCE 2 and 
the instruction INST X are held in the processing-data register 
100, the processing-data register 200 and the instruction 
register 300 respectively. Thus, the first processing data 
SOURCE!, the second processing data SOURCE 2 and the instruction 
INST X are held in the stage latch circuit 110^ the stage latch 
circuit 210! and the stage latch circuit 310 1 respectively. 

At the next step SD2, the instruction INST X is being held 
in the stage latch circuit 310^ and the instruction decoder 
320 1X and the instruction decoder 320 12 proceed to step SD5 . When 
the instruction INST^ and the instruction INST 12 are being held 
in the stage latch circuit 310!, the instruction decoder 320^' 
and the instruction decoder 320 12 proceed to step SD3 . At the 
step SD3, the instruction decoder 320 1X and the instruction 
decoder 320 12 make the multiplexer 700! and the multiplexer 800i 
select the operator 120i and the operator 220 x . 

The instruction decoder 320^ and the instruction decoder 
320 12 decode the instruction INST^ and the instruction INST i2 
to the operator 120! and the operator 220 x respectively. The 
operator 120 x and the operator 220i thus execute the processing 
according to the instruction INST^ and the instruction INST i2 
by using the value (the first processing data SOURCE^ of the 
stage latch circuit llOj. and the value (the second processing 
data SOURCE 2 ) of the stage latch circuit 210i respectively. At 
step SD4, the processing result of the operator 120! and the 



processing result of the operator 220 1 are held in the stage 
latch circuit 110 2 and the stage latch circuit 210 2 respectively. 

At the step SD5, the instruction decoder 320 X1 and the 
instruction decoder 320 12 make the multiplexer 700! and the 
multiplexer 800! select the stage latch circuit llOj. and the 
stage latch circuit 210! respectively. At step SD6, the 
operator 120! and the operator 220i do not operate. At step SD7, 
the value (the first processing data SOURCE!) of the stage latch 
circuit 110i is held in the stage latch circuit 110 2 through 
the bypass -line B 1X and the multiplexer 700! . Similarly, the 
value (the second processing data SOURCE 2 ) of the stage latch 
circuit 210! is held in the stage latch circuit 210 2 through' 
the bypass line B 12 and the multiplexer 800i- 

Thereafter, at the second processing stage to the (x- 
2)-th processing stage (not shown), stage latch circuits are 
selected by multiplexers in a similar manner to that of the first 
processing stage. The first processing data SOURCE L and the 
second processing data SOURCE 2 are then sequentially passed 
through the respective processing stages. At the second 
processing stage to the (x-2)-th processing stage, the 
instruction INST X is held sequentially in the stage latch 
circuits . 

At the (x-l)-th processing stage, at step SD8, the 
instruction INST X is being held in the stage latch circuit 310 x _!. 
Therefore, the instruction decoder 320 x _!i and the instruction 



decoder 320 x _ 12 proceed to step SD11. When the instruction 
INST^n and the instruction INST X _ 12 are being held in the stage 
latch circuit 310^, the instruction decoder 320 X _ 1X and the 
instruction decoder 320 x . 12 proceed to step SD9 . At the step SD9, 
instruction decoder 320 X _ X1 and the instruction decoder 320 x _ 
12 make the multiplexer 700^ and the multiplexer 800^ select 
the operator 120^ and the operator 220^ respectively. 

The instruction decoder 320 x _ 11 and the instruction 
decoder 320 x _ 12 decode the instruction INST^^ and the instruction 
INST X _ 12 to the operator 120^ and the operator 220 X . L respectively. 
The operator 120 X _ L and the operator 220^ then execute the 
processing corresponding to the instruction INST^! and the* 
instruction INST X _ 12 by using the value of the stage latch circuit 
110^! and the value of the stage latch circuit 210^ respectively. 
At step SD10, the processing result of the operator 120^! and 
the processing result of the operator 220^ are held in the stage 
latch circuit 110 x and the stage latch circuit 210 x respectively. 

At the step SD11, the instruction decoder 320 X _ X1 and the 
instruction decoder 320 x _ 12 make the multiplexer 700^ and the 
multiplexer 800^ select the stage latch circuit 110^ and the 
stage latch circuit 210^. At step SD12, the operator 120^ 
and the operator 220^ do not operate. At step SD13, the value 
(the first processing data SOURCE^ of the stage latch circuit 
110 x _ x is held in the stage latch circuit 110 x through the bypass 
line B^n and the multiplexer 700 x . x . Similarly, the value (the 



second processing data SOURCE 2 ) of the stage latch circuit 210 x _ x 
is held in the stage latch circuit 110 x through the bypass line 
B x _ 12 and the multiplexer 800 x _ 1 . At this time, the value of the 
stage latch circuit 310^ is held in the stage latch circuit 
310 x . 

At the x-th processing stage, at step SD14 (refer to Fig. 
11), the instruction INST X is being held in the stage latch 
circuit 310 x . Therefore, the instruction decoder 320 x proceeds 
to step SD15. When the instruction other than the instruction 
INST X is being held in the stage latch circuit 310 x/ the 
instruction decoder 320 x proceeds to step SD17 . At the step 
SD17, instruction decoder 320 x converts the instruction other' 
than the instruction INST X into the through instruction SRC lf 
and proceeds to step SD18. At the step SD18, the instruction 
decoder 320 x decodes the through instruction SRC^ to the operator 
120 x . The operator 120 x then passes the value of the stage latch 
circuit 110 x through. At the next step SD19, the value of the 
stage latch circuit 110 x is held in the stage latch circuit 110 x+1 . 

At the step SD15, the instruction decoder 320 x decodes 
the instruction INST X to the operator 120 x . The operator 120 x 
then executes the processing according to the instruction INST X 
by using the value (the first processing data SOURCE^ of the 
stage latch circuit 110 x and the value (the second processing 
data S0URCE 2 ) of the stage latch circuit 210 x . At step SD16, 
the processing result of the operator 120 x is held in the stage 



latch circuit 110 x+1 . At this time, the value (the instruction 
INSTJ of the stage latch circuit 310 x is held in the stage latch 
circuit 310 x+1 . 

At the (x+l)-th processing stage, at step SD20, the 
instruction INST X is being held in the stage latch circuit 310 x+1 . 
Therefore, the instruction decoder 320 x+1 proceeds to step SD23. 
When the instruction INST X+1 is being held in the stage latch 
circuit 310 x+1 , the instruction decoder 320 x+1 proceeds to step 
SD21. At the step SD21, the instruction decoder 320 x+1 decodes 
the instruction INST X+1 to the operator 120 x+1 . The operator 
120 x+1 then executes the processing according to the instruction 
INST X+1 by using the value of the stage latch circuit 110 x+1 . At' 
step SD22, the processing result of the operator 120 x+1 is held 
in the stage latch circuit 110 x+2 . 

At the step SD23, the instruction decoder 320 x+1 converts 
the instruction other than the instruction INST X+L (the 
instruction INSTJ into the through instruction SRC lf and 
proceeds to step SD24. At the step SD24, the instruction 
decoder 320 x+1 decodes the through instruction SRC ± to the 
operator 120 x+1 . The operator 120 x+1 then passes the value (the 
processing result of the operator 120 x ) of the stage latch 
circuit 110 x+1 through. At the next step SD25, the value of the 
stage latch circuit 110 x+1 is held in the stage latch circuit 
110 x+2 . At this time, the value of the stage latch circuit 310 x+1 
is held in the stage latch circuit 310 x+2 . Thereafter, at the 



(x+2) -th processing stage to the (n-1) -th processing stage (not 
shown) , the through instruction SRC^ is decoded in a similar 
manner to that of the (x+l)-th processing stage. Thus, the 
processing result of the operator 120 x is sequentially passed 
through the respective processing stages. At the (x+2)-th 
processing stage to the (n-l)-th processing stage, the 
instruction INST X is sequentially held in the stage latch 
circuits . 

At the n-th processing stage, at step SD26 (refer to Fig. 
12), the instruction INST X is being held in the stage latch 
circuit 310 n . Therefore, the instruction decoder 320 n proceeds 
to step SD29. When the instruction INST n is being held in the" 
stage latch circuit 310 n , the instruction decoder 320 n proceeds 
to step SD27 . At the step SD27 , instruction decoder 320 n decodes 
the instruction INST n to the operator 120 n . The operator 120 n 
then executes the processing according to the instruction INST n 
by using the value of the stage latch circuit 110 n . At the next 
step SD28, the processing result of the operator 120 n is held 
in the stage latch circuit 110 n+1 . 

At the step SD29, the instruction decoder 320 n converts 
the instruction other than the instruction INST n into the 
through instruction SRC X , and proceeds to step SD30. At the 
step SD30, the instruction decoder 320 n decodes the through 
instruction SRC^ to the operator 120 n . Then, the operator 120 n 
passes the value (the processing result of the operator 120 x ) 



of the stage latch circuit 110 n through this operator. At step 
SD31, the value of the stage latch circuit 110 n is held in the 
stage latch circuit 110 n+1 . At the next step SD32, the 
processing-result register 500 holds the processing result of 
the operator 120 x as the processing result of the pipeline 
operator . 

Next, the operation when the instruction INST X+1 has been 
dispatched to the operator 120 x+1 at the (x+l)-th processing 
stage will be explained. At the step SD1 shown in Fig. 10, the 
first processing data SOURCE^ the second processing data 
SOURCE 2 and the instruction INST X+1 are held in the 
processing-data register 100, the processing-data register 200* 
and the instruction register 300 respectively. Thus, the first 
processing data SOURCE^ the second processing data SOURCE 2 and 
the instruction INST X+1 are held in the stage latch circuit 110^ 
the stage latch circuit 210! and the stage latch circuit 310! 
respectively . 

Thereafter, at the first processing stage to the (x-1) -th 
processing stage, stage latch circuits are selected by 
multiplexers in a similar manner to that of the above-described 
operation (at the step SD2, the step SD5 to the step SD8, and 
the step SD11 to the step SD13) . Thus, the first processing 
data SOURCE! and the second processing data SOURCE 2 are 
sequentially passed through the respective operators. At the 
first processing stage to the (x-l)-th processing stage, the 
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instruction INST X+1 is sequentially held in the stage latch 
circuits. Therefore, at the x-th processing stage, the stage 
latch circuit 110 x , the stage latch circuit 210 x and the stage 
latch circuit 310 x hold the first processing data SOURCE x , the 
second processing data SOURCE 2 and the instruction INST X+1 
respectively . 

At the x-th processing stage, at the step SD14 (refer to 
Fig. 11) , the instruction INST X+1 is being held in the stage latch 
circuit 310 x . Therefore, the instruction decoder 320 x proceeds 
to step SD17 . At the step SD17, instruction decoder 320 x 
converts the instruction 1NST X+1 into the through instruction 
SRCi, and then proceeds to the step SD18. At the step SD18," 
the instruction decoder 320 x decodes the through instruction 
SRC X to the operator 120 x . The operator 120 x then passes the 
value of the stage latch circuit 110 x through. At the next step 
SD19, the value of the stage latch circuit 110 x is held in the 
stage latch circuit 110 x+1 . 

At the (x+l)-th processing stage, at the step SD20, the 
instruction INST X+1 is being held in the stage latch circuit 310 x+1 . 
Therefore, the instruction decoder 320 x+1 proceeds to step SD21. 
At the step SD21, the instruction decoder 320 x+1 decodes the 
instruction INST X+1 to the operator 120 x+1 . The operator 120 x+1 
then executes the processing according to the instruction 
INST X+1 by using the value of the stage latch circuit 110 x+1 . At 
the next step SD22, the processing result of the operator 120 x+1 



is held in the stage latch circuit 110 x+2 . 

At the n-th processing stage, at the step SD26 (refer to 
Fig. 12) , the instruction INST X+1 is being held in the stage latch 
circuit 310 n . Therefore, the instruction decoder 320 n proceeds 
to the step SD29. At the step SD29, instruction decoder 320 n 
converts the instruction INST X+1 into the through instruction 
SRCi, and then proceeds to step SD30. At the step SD30, the 
instruction decoder 320 n decodes the through instruction SRC X 
to the operator 120 n . The operator 120 n passes the value (the 
processing result of the operator 120 x+1 ) of the stage latch 
circuit 110 n , through this operator. At step SD31, the value 
of the stage latch circuit 110 n is held in the stage latch circuit" 
110 n+1 . At the next step SD32, the processing-result register 
500 holds the processing result of the operator 12 0 x+1 as the 
processing result of the pipeline operator. 

As explained above, according to the fourth embodiment, 
at the time of executing the processing at the x-th processing 
stage, the through instruction SRC X is decoded at the (x+l)-th 
processing stages to the n-th processing stage. Thus, the 
processing results of the operator 120 x at the x-th processing 
stage are passed through. Therefore, it is possible to reduce 
both the stage latch circuits and the wiring volume at the 

(x+1) -th processing stage to the n-th processing stage from the 
conventional levels. As a result, according to the fourth 

embodiment, it is possible to reduce both hardware volume and 
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power consumption. 

In the first embodiment, there has been explained a case 
where the operator 120 x at the first processing stage and the 
operator 120 2 at the second processing stage shown in Fig. 1 
execute the processing respectively based on the instructions 
(the instruction INST X and the instruction INST 2 ) that have no 
mutual relationship. However, it is also possible to provide 
a plurality of operators that execute the processing based on 
the instruction that has a mutual relationship. The 
instruction having a mutual relationship means the instruction 
that is dispatched to both the operator 120! and the operator 
120 2 and that makes the operator 120 2 execute the processing' 
by using a processing result of the operator 120!- This case 
will be explained in detail as a fifth embodiment. 

Fig. 13 is a block diagram that shows a structure of a 
fifth embodiment of the present invention. In this figure, 
parts corresponding to those in Fig. 1 are attached with 
identical reference symbols and the explanation will be omitted. 
However, the functions of the instruction decoder 320i, the 
operator 120i at the first processing stage, the instruction 
decoder 320 2 and the operator 120 2 at the second processing stage 
shown in Fig. 13 are different from the functions of those 
corresponding parts shown in Fig. 1. 

At the first processing stage shown in Fig. 13, the 
instruction decoder 320i decodes an instruction INST i2 from the 
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stage latch circuit 310^ The instruction INST 12 is the 
instruction dispatched to both the operator 120 x and the 
operator 120 2 . This instruction INST 12 makes the operator 120 2 
execute the processing by using the processing result of the 
operator 120^ In other words, the instruction INST 12 is the 
instruction that provides a correlation between the processing 
of the operator 120! and the processing of the operator 120 2 . 
When the instruction INST 12 has been decoded, the operator 120 x 
executes the processing according to the instruction INST 12 by 
using the value (the first processing data SOURCE^ of the stage 
latch circuit 110! and the value (the second processing data) 
of the stage latch circuit 210 x . The operator 120! then outputs* 
the result of the processing to the stage latch circuit 110 2 . 

When the instruction other than the instruction INST 12 

(the instruction INST 2 in this case) has been input, the 
instruction decoder 320i converts this instruction into a 
through instruction SRC lf and decodes this through instruction 
SRC X to the operator 120i. When the through instruction SRCi 
has been decoded, the operator 120! passes only the first 
processing data SOURCEi through out of the two processing data 

(the first processing data SOURCE x and the second processing 
data) . 

At the second processing stage, the instruction decoder 
320 2 decodes the instruction INST 2 in addition to the instruction 
INST 12 . In other words, instruction decoder 320 2 decodes the 
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instruction INST 12 from the stage latch circuit 310 2 . When the 
instruction INST 12 has been decoded, the operator 120 2 executes 
the processing according to the instruction INST 12 by using the 
value (the processing result of the operator 120!) of the stage 
latch circuit 110 2/ and outputs the processing result. 

The instruction decoder 320 2 decodes the instruction INST 2 
from the stage latch circuit 310 2 . The instruction INST 2 is the 
instruction to make the operator 120 2 execute the processing 
independent of the operator 120! . When the instruction INST 2 
has been decoded, the operator 120 2 executes the processing 
according to the instruction INST 2 by using the value (the first 
processing data SOURCEJ of the stage latch circuit 110 2/ and' 
outputs the processing result. 

The multiplexer 400 2 outputs the processing result of the 
operator 120 2 when the instruction INST 12 or the instruction 
INST 2 has been decoded by the instruction decoder 320 2 . On the 
other hand, the multiplexer 400 2 outputs the value of the stage 
latch circuit 110 2 when the instruction other than the 
instruction INST 12 and the instruction INST 2 has been input to 
the instruction decoder 320 2 . The stage latch circuit 110 3 
holds the processing result of the operator 120 2 or the value 
of the stage latch circuit 110 2 according to the changeover state 
of the multiplexer 400 2 . A processing-result register 500 
holds a value of the stage latch circuit 110 3 , that is, a 
processing result (a destination operand) of the pipeline 
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operator . 

The operation of the fifth embodiment will be explained 
with reference to a flowchart shown in Fig. 14. The operation 
when the instruction INST X2 has been dispatched will be explained 
first. At step SE1 shown in Fig. 14, the first processing data 
SOURCE^ the second processing data and the instruction INST 12 
are held in the processing-data register 100, the 
processing-data register 200 and the instruction register 300 
respectively. Thus, the first processing data SOURCE^ the 
second processing data and the instruction INST 12 are held in 
the stage latch circuit 110^ the stage latch circuit 210 x and 
the stage latch circuit 310 x respectively. 

At the next step SE2, the instruction decoder 320! decides 
the kind of the instruction held in the stage latch circuit 310 x . 
In this case, the instruction INST 12 is being held in the stage 
latch circuit 310 1B Therefore, the instruction decoder 320! 
proceeds to step SE3 . At the step SE3, the instruction decoder 
320 x decodes the instruction INST 12 from the stage latch circuit 
310^ The operator 120! thus executes the processing according 
to the instruction INST 12 by using the value (the first 
processing data SOURCE!) of the stage latch circuit 110i and 
the value (the second processing data) of the stage latch 
circuit 210 x . 

At the next step SE4, the processing result of the 
operator 120i is held in the stage latch circuit 110 2 . At this 



time, the value (the instruction INST 12 ) of the stage latch 
circuit 310 x is held in the stage latch circuit 310 2 . At the 
next step SE8, the instruction INST 12 is being held in the stage 
latch circuit 310 2 . Therefore, the instruction decoder 320 2 
proceeds to step SE9. When the instruction other than the 
instruction INST 12 and the instruction INST 2 is being held in 
the stage latch circuit 310 2 , the instruction decoder 320 2 
proceeds to step SEll. At the step SE11, the instruction 
decoder 320 2 makes the multiplexer 400 2 select the stage latch 
circuit 110 2 . Thus, at step SE12, the operator 120 2 does not 
operate. At step SE13, the value of the stage latch circuit 
110 2 is held in the stage latch circuit 110 3 through a bypass" 
line B 2 and the multiplexer 400 2 . 

At the step SE9, the instruction decoder 320 2 makes the 
multiplexer 400 2 select the operator 120 2 . The instruction 
decoder 320 2 decodes the instruction INST 12 from the stage latch 
circuit 310 2 . The operator 120 2 then executes the processing 
according to the instruction INST 12 by using the value (the 
processing result of the operator 120 t ) of the stage latch 
circuit 110 2 . At the next step SE10, the processing result of 
the stage latch circuit 120 2 is held in the stage latch circuit 
110 3 . At the next step SE14, the processing-result register 
500 holds the processing result of the operator 120 2 as the 
processing result of the pipeline operator. 

The operation when the instruction INST 2 has been 
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dispatched will be explained next. At the step SEl shown in 
Fig. 14, the first processing data SOURCE^ the second 
processing data and the instruction INST 2 are held in the 
processing-data register 100, the processing-data register 200 
and the instruction register 300 respectively. Thus, the first 
processing data SOURCE^ the second processing data and the 
instruction INST 2 are held in the stage latch circuit 110 lf the 
stage latch circuit 210 x and the stage latch circuit 310! 
respectively . 

At the next step SE2, the INST 2 is being held in the stage 
latch circuit 310!. Therefore, the instruction decoder 320 x 
proceeds to step SE5 . At the step SE5, the instruction decoder" 
320 1 decodes the value (the instruction INST 2 ) of the stage latch 
circuit 310 lf and converts the instruction INST 2 into the through 
instruction SRC lf and then proceeds to step SE6. At the step 
SE6, the instruction decoder 320 x decodes the through 
instruction SRC X to the operator 120^ Thus, the operator 120 x 
passes the value (the first processing data SOURCE^ of the stage 
latch circuit 110! through this operator. 

At the next step SE7, the value (the first processing data 
SOURCE^ of the stage latch circuit 110 1 is held in the stage 
latch circuit 110 2 . At this time, the value (the instruction 
INSTJ of the stage latch circuit 310! is held in the stage latch 
circuit 310 2 . At the next step SE8, the INST 2 is being held in 
the stage latch circuit 310 2 . Therefore, the instruction 
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decoder 320 2 proceeds to step SE9. 

At the step SE9 , the instruction decoder 320 2 makes the 
multiplexer 400 2 select the stage latch circuit 110 2 . The 
instruction decoder 320 2 decodes the instruction INST 2 from the 
stage latch circuit 310 2 . The operator 120 2 then executes the 
processing according to the instruction INST 2 by using the value 
(the first processing data SOURCE L ) of the stage latch circuit 
110 2 . At the next step SE10, the processing result of the stage 
latch circuit 120 2 is held in the stage latch circuit 110 3 . At 
the next step SE14, the processing-result register 500 holds 
the processing result of the operator 120 2 as the processing 
result of the pipeline operator. 

As explained above, according to the fifth embodiment, 
the instruction decoder 320 x converts the instruction other than 
the instruction INST 12 and the instruction INST 2 into the through 
instruction SRC X . The operator 120 x passes the first processing 
data SOURCEi through this operator. There is provided the 
bypass line B 2 at the second processing stage. Therefore, it 
is possible to share the stage latch circuit 110 2 between the 
operator 120! and the operator 120 2 , and it is also possible 
to reduce the wiring volume . As a result, according to the fifth 
embodiment, the sharing of the stage latch circuit 110 2 makes 
it possible to reduce both hardware volume and power consumption 
Further, according to the fifth embodiment, the operator 120 2 
at the second processing stage can execute the processing 
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independent of the operator 120! at the first processing stage. 

In the second embodiment, there has been explained a case 
where the operator 120! at the first processing stage and the 
operator 120 2 at the second processing stage shown in Fig. 3 
execute the processing respectively based on the instructions 
(the instruction INST X and the instruction INST 2 ) that have no 
mutual relationship. However, it is also possible to provide 
a plurality of operators that execute the processing based on 
the instruction that has a mutual relationship in a similar 
manner to that of the fifth embodiment. This case will be 
explained in detail as a sixth embodiment. 

Fig. 15 is a block diagram that shows a structure of a 
sixth embodiment of the present invention. In this drawing, 
parts corresponding to those in Fig. 3 are attached with 
identical reference symbols and the explanation will be omitted. 
However, the functions of the instruction decoder 320^ the 
operator 120! at the first processing stage, the instruction 
decoder 320 2 and the operator 120 2 at the second processing stage 
shown in Fig. 15 are different from the functions of those parts 
shown in Fig. 3. 

At the first processing stage shown in Fig. 15, the 
instruction decoder 320 x decodes an instruction INST 12 from the 
stage latch circuit 310^ The instruction INST 12 is the 
instruction dispatched to both the operator 120i and the 
operator 120 2 . This instruction INST 12 makes the operator 120 2 
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execute the processing by using the processing result of the 
operator 120 x . In other words, the instruction INST 12 is the 
instruction that provides a correlation between the processing 
of the operator 120! and the processing of the operator 120 2 . 
When the instruction INST 12 has been decoded, the operator 120! 
executes the processing according to the instruction INST 12 by 
using the value (the first processing data) of the stage latch 
circuit HOj, and the value (the second processing data) of the 
stage latch circuit 210i- The operator 120i then outputs the 
processing result RESULT! to the stage latch circuit 110 2 . 

The instruction decoder 320i decodes the instruction INSTi 
in addition to the instruction INST 12 . The instruction INSTi 
is the instruction to make the operator 120 x execute the 
processing independent of the operator 120 2 . In other words, 
instruction decoder 320i decodes the instruction INSTi from the 
stage latch circuit 310!. When the instruction INST X has been 
decoded, the operator 120! executes the processing according 
to the instruction INST X by using the value (the first processing 
data) of the stage latch circuit 110i and the value (the second 
processing data) of the stage latch circuit 210 x , and outputs 
the processing result RESULT^ 

The multiplexer 400! is changeover controlled by the 
instruction decoder 320! . The multiplexer 400i outputs the 
processing result RESULT X of the operator 120i when the 
instruction INST 12 or the instruction INSTi has been decoded by 
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the instruction decoder 320!. On the other hand, the 
multiplexer 400! outputs the value of the stage latch circuit 
HOi when the instruction other than the instruction INST 12 and 
the instruction INST X has been input to the instruction decoder 
320,. 

At the second processing stage, the instruction decoder 
320 2 decodes the instruction INST 12 from the stage latch circuit 
310 2 . When the instruction INST 12 has been decoded, the operator 
120 2 executes the processing according to the instruction INST 12 
by using the value (the processing result RESULT^) of the stage 
latch circuit 110 2 , and outputs the processing result to the 
stage latch circuit 110 3 . 

When the instruction other than the instruction INST 12 
has been input, the instruction decoder 320 2 converts this 
instruction into the through instruction SRC,, and decodes this 
through instruction SRC! to the operator 120 2 . When the through 
instruction SRC X has been decoded, the operator 120 2 passes the 
value of the stage latch circuit 110 2 through this operator. 

The operation of the fifth embodiment will be explained 
with reference to a flowchart shown in Fig. 16. The operation 
when the instruction INST 12 has been dispatched will be explained 
first. At step SF1 shown in Fig. 16, the first processing data, 
the second processing data and the instruction INST 12 are held 
in the processing-data register 100, the processing-data 
register 200 and the instruction register 300 respectively. 
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Thus, the first processing data, the second processing data and 
the instruction INST 12 are held in the stage latch circuit 110^ 
the stage latch circuit 210! and the stage latch circuit 310! 
respectively . 

At the next step SF2, the instruction decoder 320 x decides 
the kind of the instruction held in the stage latch circuit 310^ 
In this case, the instruction INST 12 is being held in the stage 
latch circuit 310 x . Therefore, the instruction decoder 320 x 
proceeds to step SF3 - When the instruction other than the 
instruction INST 12 and the instruction INST X is being held in 
the stage latch circuit 310^ the instruction decoder 320 x 
proceeds to step SF5 - At the step SF5, the instruction decoder 
320 x makes the multiplexer 400 x select the stage latch circuit 
110 1 . At step SF6, the operator 120 x does not operate. At step 
SF7, the value (the first processing data) of the stage latch 
circuit 110! is held in the stage latch circuit 110 2 through 
the bypass line B x and the multiplexer 400^ 

At the step SF3, the instruction decoder 320 x makes the 
multiplexer 400 x select the operator 120^ The instruction 
decoder 320! then decodes the instruction. INST 12 to the operator 
120^ The operator 120! thus executes the processing according 
to the instruction INST 12 by using the value (the first 
processing data) of the stage latch circuit 110i and the value 
(the second processing data) of the stage latch circuit 210!. 
At the next step SF4, the processing result RESULT X of the 



operator 120! is held in the stage latch circuit 110 2 through 
the multiplexer 400 x . In parallel with this, the value (the 
instruction INST 12 ) of the stage latch circuit 310 x is held in 
the stage latch circuit 310 2 . 

At the next step SF8, the instruction decoder 320 2 decides 
the kind of the instruction held in the stage latch circuit 310 2 . 
In this case, the instruction INST X2 is being held in the stage 
latch circuit 310 2 . Therefore, the instruction decoder 320 2 
proceeds to step SF9. At the step SF9, the instruction decoder 
320 2 decodes the instruction INST 12 to the operator 120 2 . The 
operator 120 2 then executes the processing according to the 
instruction INST 12 by using the value (the processing result 
RESULTJ of the stage latch circuit 110 2 . At the next step SF10, 
the processing result of the operator 120 2 is held in the stage 
latch circuit 110 3 . At the next step SF14, the processing- 
result register 500 holds the processing result of the operator 
120 2 as the processing result of the pipeline operator. 

The operation when the instruction INS^ has been 
dispatched will be explained next. At the step SF1 shown in 
Fig. 16, the first processing data, the second processing data 
and the instruction INST X are held in the processing-data 
register 100, the processing-data register 200 and the 
instruction register 300 respectively. Thus, the first 
processing data, the second processing data and the instruction 
INST X are held in the stage latch circuit 110^ the stage latch 
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circuit 210 1 and the stage latch circuit 310! respectively. 

At the next step SF2, the INST X is being held in the stage 
latch circuit 310^ Therefore, the instruction decoder 320 x 
proceeds to step SF3 . At the step SF3, the instruction decoder 
320 x makes the multiplexer 400 x select the operator 120^ The 
multiplexer 320 x decodes the instruction INST X to the operator 
120^ The operator 120! thus executes the processing according 
to the instruction INSTj. by using the value (the first processing 
data) of the stage latch circuit 110 x and the value (the second 
processing data) of the stage latch circuit 210i. At the next 
step SF4 , the processing result RESULT X of the operator 120! 
is held in the stage latch circuit 110 2 through the multiplexer" 
400i. In parallel with this, the value (the instruction INST^) 
of the stage latch circuit 310! is held in the stage latch circuit 
310 2 . 

At the next step SF8, the INSTj. is being held in the stage 
latch circuit 310 2 . Therefore, the instruction decoder 320 2 
proceeds to step SF11. At the step SFll, the instruction 
decoder 320 2 decodes the value (the instruction INST X ) of the 
stage latch circuit 310 2 , and converts the instruction INST! 
into the through instruction SRC^ Then, the instruction 
decoder 320 2 proceeds to step SF12 . At the step SF12, the 
instruction decoder 320 2 decodes the through instruction SRCi 
to the operator 120 2 . The operator 120 2 then passes the value 
(the processing result RESULT^ of the stage latch circuit 110 2 
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through this operator. At the next step SF13, the value (the 
processing result RESULT^) of the stage latch circuit 110 2 is 
held in the stage latch circuit 110 3 . At the next step SF14, 
the processing-result register 500 holds the processing result 
RESULT^ of the operator 120 x as the processing result of the 
pipeline operator . 

As explained above, according to the sixth embodiment, 
the multiplexer 400 x is provided at the first processing stage, 
and the value of the stage latch circuit 110i or the processing 
result of the operator 120! is held in the stage latch circuit 
110 2 . At the same time, the instruction decoder 320 2 converts 
the instruction other than the instruction INST 12 into the' 
through instruction SRCi, and the operator 120 2 passes the 
processing result RESULT^ of the operator 120 x through this 
operator. Therefore, it is possible to reduce both the stage 
latch circuits and the wiring volume at the downstream of the 
operator 120 2 . As a result, according to the sixth embodiment, 
it is possible to reduce both hardware volume and power 
consumption. Further, according to the sixth embodiment, the 
operator 120! at the first processing stage can execute the 
processing independent of the operator 120 2 at the second 
processing stage. 

In the third embodiment, there has been explained a case 
where at the first processing stage to the n-th processing stage 
shown in Fig. 5, the operators execute the processing based on 



the instructions that have no mutual relationship. However, 
it is also possible to provide a plurality of operators that 
execute the processing based on the instruction that has a 
mutual relationship. This case will be explained in detail as 
a seventh embodiment. 

Fig. 17 and Fig. 18 are block diagrams that show a 
structure of a seventh embodiment of the present invention. In 
these figures, parts corresponding to those in Fig. 5 are 
attached with identical reference symbols and the explanation 
will be omitted. Fig. 17 shows (r-l)-th processing stage, r-th 
processing stage, (r+1) -th processing stage and s-th processing 
stage (1 < r < s < n) in place of the (x-l)-th processing stage" 
to the (x+l)-th processing stage shown in Fig. 5. The 
structures of the (r-l)-th processing stage, the r-th 
processing stage, and the (r+l)-th processing stage (the s- 
th processing stage) shown in Fig. 17 are similar to the 
structures of the (x-l)-th processing stage, the x-th 
processing stage and the (x+1) -th processing stage shown in Fig. 
5 respectively. However, the functions of the instruction 
decoders at the (r-l)-th processing stage, the r-th processing 
stage, and the (r+l)-th processing stage shown in Fig. 17 are 
different from the functions of the instruction decoders shown 
in Fig. 5. 

In other words, at the (r-l)-th processing stage shown 
in Fig. 17, the stage latch circuit 110^ holds the first 



processing data SOURCEi or the processing result of the (r- 
2)-th processing stage (not shown) . The stage latch circuit 
210 r _ x holds the second processing data SOURCE 2 or the processing 
result of the (r-2 ) -th processing stage (not shown) . The stage 
latch circuit 310^ holds the value of the stage latch circuit 
at the (r-2)-th processing stage (not shown) . The instruction 
decoder 320^! decodes the instruction INST r . i:L from the stage 
latch circuit 310 r _ x . 

When the instruction INST^^ has been decoded, the 
operator 120^ executes the processing according to the 
instruction INST^ by using the value of the stage latch circuit 
110,.^ and outputs the result of the processing to the stage latch* 
circuit 110 r . When the instruction other than the instruction 
INST r _ xl has been input, the instruction decoder 320 r _n converts 
this instruction into a through instruction SRC^, and decodes 
this through instruction SRC X to the operator 120^. When the 
through instruction SRC^ has been decoded, the operator 120 r _ x 
passes the value of the stage latch circuit 110 r . x through this 
operator . 

The instruction decoder 320 r _ 12 decodes the instruction 
INST r _ 12 from the stage latch circuit 310^. When the 
instruction INST r _ 12 has been decoded, the operator 220^ 
executes the processing according to the instruction INST r _ 12 
by using the value of the stage latch circuit 210^ and outputs 
the result of the processing to the stage latch circuit 210 r . 



When the instruction other than the instruction INST r _ 12 has been 
input, the instruction decoder 320 r . 12 converts this instruction 
into a through instruction SRC 2 , and decodes this through 
instruction SRC 2 to the operator 220^. When this through 
instruction SRC 2 has been decoded, the operator 220^ passes 
the value of the stage latch circuit 210 r _ 1 through this operator . 

At the r-th processing stage, the stage latch circuit 110 r 
holds the first processing data SOURCE x or the processing result 
of the operator 120^ at the (r-l)-th processing stage. The 
stage latch circuit 210 r holds the second processing data SOURCE 2 
or the processing result of the operator 220 r . L at the (r-l)-th 
processing stage. The stage latch circuit 310 r holds the value" 
of the stage latch circuit 310^. 

The instruction decoder 320 r decodes the instruction 
INST r3 from the stage latch circuit 310 r . The instruction INST r3 
is the instruction dispatched to the operator 120 r to the 
operator 120 3 at the r-th processing stage to the s-th processing 
stage (refer to Fig. 18) . This instruction INST r3 provides a 
correlation between the processing of the operator 120 r and the 
processing of the operator 120 s . The number of stages from the 
r-th processing stage to the s-th processing stage is m (s- 
r+1) . 

In other words, the instruction INST r3 is the instruction 
for providing a correlation of the processing between the m 
processing stages (the r-th processing stage to the s-th 
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processing stage) among the n processing stages (the first 
processing stage to the n-th processing stage) shown in Fig. 
17 and Fig. 18. When the instruction INST rs has been decoded, 
the operator 120 r executes the processing according to the 
instruction INST r3 by using the value (the first processing data 
SOURCEJ of the stage latch circuit 110 r and the value (the second 
processing data SOURCE 2 ) of the stage latch circuit 210 r/ and 
outputs the result of the processing to the stage latch circuit 
110 r+1 . 

The instruction decoder 320 r decodes the instruction INST r 
from the stage latch circuit 310 r . The instruction INST r is the 
instruction to make the operator 120 r execute the processing" 
independent of the operators at other processing stages. When 
the instruction INST r has been decoded, the operator 120 r 
executes the processing according to the instruction INST r by 
using the value of the stage latch circuit 110 r/ and outputs 
the processing result. 

When the instruction other than the instruction INST ra 
and the instruction INST r has been input, the instruction 
decoder 320 r converts this instruction into the through 
instruction SRC^ and decodes this instruction SRC^ to the 
operator 120 r . When the through instruction SRC^ has been 
decoded, the operator 120 r passes only the value of the stage 
latch circuit 110 r through, out of the value of the stage latch 
circuit 110 r and the value of the stage latch circuit 210 r . 
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The structures of the (r+l)-th processing stage through 
the s-th processing stage to the (n-1) -th processing stage (not 
shown) are similar to that of the (x+l)-th processing stage 
shown in Fig. 5. However, the functions of the instruction 
decoder 320 r+1 to the instruction decoder 320 s shown in Fig. 17 
and Fig. 18 are different from the function of the instruction 
decoder 320 x+1 shown in Fig. 5 as described later. 

At the (r+1) -th processing stage, the stage latch circuit 
110 r+1 holds the first processing data SOURCEi or the processing 
result of the operator 120 r at the r-th processing stage. The 
stage latch circuit 310 r+1 holds the value of the stage latch 
circuit 310 r . The instruction decoder 320 r+1 decodes the' 
instruction INST rs from the stage latch circuit 310 r+1 . When the 
instruction INST rs has been decoded, the operator 120 r+1 executes 
the processing according to the instruction INST rs by using the 
value (the processing result of the operator 120 r ) of the stage 
latch circuit 110 r+1 , and outputs the processing result to the 
multiplexer 400 r+1 . 

The instruction decoder 320 r+1 . decodes the instruction 
INST r+1 from the stage latch circuit 310 r+1 . The instruction 
INST r+1 is the instruction to make the operator 120 r+1 execute 
the processing independent of the operators at other processing 
stages. When the instruction INST r+1 has been decoded, the 
operator 120 r+1 executes the processing according to the 
instruction INST r+1 by using the value of the stage latch circuit 



110 r+1 , and outputs the processing result. A bypass line B r+1 
is provided in parallel with the operator 120 r+1 , and guides the 
value of the stage latch circuit 110 r+1 to pass through this 
bypass line to a multiplexer 400 r+1 without passing through the 
operator 120 r+1 . 

The multiplexer 400 r+1 is changeover controlled by the 
instruction decoder 320 r+1 . The multiplexer 400 r+1 outputs one 
of the processing result of the operator 120 r+1 and the value 
of the stage latch circuit 110 r+1 . Specifically, the 
multiplexer 400 r+1 outputs the processing result of the operator 
120 r+1 when the instruction INST r3 or the instruction INST r+1 has 
been decoded by the instruction decoder 320 r+1 . On the other- 
hand, the multiplexer 400 r+1 outputs the value of the stage latch 
circuit 110 r+1 when the instruction other than the instruction 
INST r3 and the instruction INST r+1 has been input to the 
instruction decoder 320 r+1 . The stage latch circuit 110 r+2 holds 
the processing result of the operator 120 r+1 or the value of the 
stage latch circuit 110 r+1 according to the changeover state of 
the multiplexer 400 r+1 . The stage latch circuit 110 r+2 and the 
stage latch circuit 310 r+2 are provided between the (r+l)-th 
processing stage and the (r+2)-th processing stage (not shown) 
respectively, and they hold the output of the multiplexer 400 r+1 
and the value of the stage latch circuit 310 r+1 respectively. 
The (r+2) -th processing stage to. the s-th processing stage have 
similar structures to that of the (r+l)-th processing stage. 
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In other words, at the s-th processing stage shown in Fig. 
18, the stage latch circuit 110, holds the first processing data 
SOURCEi or the processing result of the operator at the (s- 
l)-th processing stage (not shown). The stage latch circuit 
310 3 holds the value of the stage latch circuit 3103.! (not shown) . 
The instruction decoder 320 3 decodes the instruction INST rs from 
the stage latch circuit 310- . When the instruction INST rs has 
been decoded, the operator 120 3 executes the processing 
according to the instruction INST r5 by using the value of the 
stage latch circuit 110 3 , and outputs the processing result to 
the multiplexer 400 3 . 

The instruction decoder 320 3 decodes the instruction INST 3 
from the stage latch circuit 310 3 . The instruction INST 3 is the 
instruction to make the operator 120 3 execute the processing 
independent of the operators at other processing stages. When 
the instruction INST 3 has been decoded, the operator 120 3 
executes the processing according to the instruction INST 3 by- 
using the value of the stage latch circuit 110 3 , and outputs 
the processing result . A bypass line B 3 is provided in parallel 
with the operator 120 s , and guides the value of the stage latch 
circuit 110 3 to pass through this bypass line to the multiplexer 
400 s without passing through the operator 120 3 . 

The multiplexer 400 3 is changeover controlled by the 
instruction decoder 320 3 . The multiplexer 400 s outputs the 
processing result of the operator 120 3 or the value of the stage 



latch circuit 110 8 . Specifically, the multiplexer 400 s outputs 
the processing result of the operator 120 3 when the instruction 
INST rs or the instruction INST 3 has been decoded by the 
instruction decoder 320 5 . On the other hand, the multiplexer 
400 3 outputs the value of the stage latch circuit 110 3 when the 
instruction other than the instruction INST r3 and the 
instruction INST 3 has been input to the instruction decoder. 320 s . 
The stage latch circuit 110 s+1 holds the processing result of 
the operator 120 3 or the value of the stage latch circuit 110 3 
according to the changeover state of the multiplexer 400 3 . The 
stage latch circuit 110 s+1 and the stage latch circuit 310 3+1 are 
provided between the s-th processing stage and the (s+l)-th 
processing stage (not shown) respectively, and they hold the 
output of the multiplexer 400 3 and the value of the stage latch 
circuit 310 3 respectively. 

The operation of the seventh embodiment will be explained 
with reference to flowcharts shown in Fig, 19 to Fig. 21. The 
operation when the instruction INST ra has been dispatched to 
the operator 120 r at the r-th processing stage to the operator 
120 3 at the s-th processing stage will be explained first. At 
step SGI shown in Fig. 19, the first processing data SOURCE^ 
the second processing data SOURCE 2 and the instruction INST r3 
are held in the processing-data register 100, the 
processing-data register 200 and the instruction register 300 
respectively. Thus, the first processing data SOURCE^ the 
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second processing data SOURCE 2 and the instruction INST r3 are 
held in the stage latch circuit 110^ the stage latch circuit 
210 x and the stage latch circuit 310 x respectively. 

At the next step SG2, the instruction decoder 320 X1 and 
the instruction decoder 320 12 decide the kind of the instruction 
held in the stage latch circuit 310! . In this case, the 
instruction INST r3 is being held in the stage latch circuit 310^ 
Therefore, the instruction decoder 320 1X and the instruction 
decoder 320 12 proceed to step SG5 . When the instruction INST 1X 
and the instruction INST 12 are being held in the stage latch 
circuit 310 x , the instruction decoder 320 1X and the instruction 
decoder 320 12 proceed to step SG3 . In this case, the processing" 
similar to that of the step SC3 and the step SC4 (refer to Fig. 
6) is carried out at the step SG3 and at step SG4 respectively. 

At the step SG5, the instruction decoder 320 X1 and the 
instruction decoder 320 12 convert the instruction INST r3 into 
the through instruction SR^ and the through instruction SRC 2 
respectively. The instruction decoder 320 1L and the 
instruction decoder 320 12 then proceed to step SG6. At the step 
SG6, the instruction decoder 320 X1 and the instruction decoder 
320 12 decode the through instruction SRC^ and the through 
instruction SRC 2 to the operator 120 x and the operator 220 x 
respectively. The operator 120 1 and the operator 220i then pass 
the value (the first processing data SOURCE^ of the stage latch 
circuit 110 1 and the value (the second processing data SOURCE 2 ) 



of the stage latch circuit 210! through the respective 
operators . 

At the next step SG7, the value (the first processing data 
SOURCEJ of the stage latch circuit llOj. and the value (the second 
processing data SOURCE 2 ) of the stage latch circuit 210 1 are 
held in the stage latch circuit 110 2 and the stage latch circuit 
210 2 respectively. The value (the instruction INST rs ) of the 
stage latch circuit 310! is held in the stage latch circuit 310 2 . 
Thereafter, at the second processing stage to the (r-2)-th 
processing stage (not shown) , the through instruction SRC X and 
the through instruction SRC 2 are decoded respectively. The 
first, processing data SOURCE! and the second processing data" 
SOURCE 2 are then sequentially passed through the respective 
processing stages, in a similar manner to that of the first 
processing stage. At the second processing stage to the 
(r-2)-th processing stage, the instruction lNST r3 is held 
sequentially in the stage latch circuits. 

At the (r-l)-th processing stage, at step SG8, the 
instruction INST r3 is being held in the stage latch circuit 310^. 
Therefore, the instruction decoder 320 r _n and the instruction 
decoder 320 r _ 12 proceed to step SG11. When the instruction 
INST r _!i and the instruction INST r _ 12 are being held in the stage 
latch circuit 310 r _i, the instruction decoder 320 r _n and the 
instruction decoder 320 r _ 12 proceed to step SG9 . At the step SG9, 
instruction decoder 320^ and the instruction decoder 320 r _ 
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12 decode the instruction INST^ and the instruction INST r _ 12 to 
the operator 120 r _ x and the operator 220^ respectively. The 
operator 120^ and the operator 220^ then execute the 
processing corresponding to the instruction INST^^ and the 
instruction INST r _ 12 by using the value of the stage latch circuit 
110 t-1 and the value of the stage latch circuit 210^ respectively. 
At step SG10, the processing result of the operator 120^ and 
the processing result of the operator 220^ are held in the stage 
latch circuit 110 r and the stage latch circuit 210 r respectively. 

At the step SG11, the instruction decoder 320^^ and the 
instruction decoder 320 r _ 12 decode the instruction INST rs into 
the through instruction SRC^ and the through instruction SRC 2 
respectively. The instruction decoder 320 r . lx and the 
instruction decoder 320 r _ 12 then proceed to step SG12 . At the 
step SG12, the instruction decoder 320 r . ix and the instruction 
decoder 320 r _ 12 decode the through instruction SRC! and the 
through instruction SRC 2 to the operator 120^ and the operator 
220^ respectively. The operator 120^ and the operator 220 r . L 
then pass the value (the first processing data SOURCE^ of the 
stage latch circuit 110^ and the value (the second processing 
data SOURCE 2 ) of the stage latch circuit 210^ through the 
respective operators . 

At the next step SG13, the value (the first processing 
data SOURCE x ) of the stage latch circuit 110^ and the value 
(the second processing data SOURCE 2 ) of the stage latch circuit 
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210 r .! are held in the stage latch circuit 110 r and the stage 
latch circuit 210 r respectively. The value (the instruction 
INST r3 ) of the stage latch circuit 310^ is held in the stage 
latch circuit 310 r . 

At the r-th processing stage, at step SG14 (refer to Fig. 
20), the instruction INST rs is being held in the stage latch 
circuit 310 r . Therefore, the instruction decoder 320 r proceeds 
to step SG15. When the instruction other than the instruction 
INST r3 and the instruction INST r is being held in the stage latch 
circuit 310 r , the instruction decoder 320 r proceeds to step SG17 . 
At the step SG17, instruction decoder 320 r converts the 
instruction other than the instruction INST r3 and the" 
instruction INST r into the through instruction SRC 17 and 
proceeds to step SG18. At the step SG18, the instruction 
decoder 320 r decodes the through instruction SRC X to the operator 
120 r . The operator 120 r then passes the value of the stage latch 
circuit 110 r through. At the next step SG19, the value of the 
stage latch circuit 110 r is held in the stage latch circuit 110 r+1 . 

At the step SG15, the instruction decoder 320 r decodes 
the instruction INST r3 to the operator 120 r . The operator 120 r 
then executes the processing according to the instruction INST r3 
by using the value (the first processing data SOURCE^ of the 
stage latch circuit 110 r and the value (the second processing 
data SOURCE 2 ) of the stage latch circuit 210 r . At step SG16, 
the processing result of the operator 120 r is held in the stage 



latch circuit 110 r+1 . At this time, the value (the instruction 
INST rs ) of the stage latch circuit 310 r is held in the stage latch 
circuit 310 r+1 . 

At the (r+l)-th processing stage, at step SG20, the 
instruction INST rs is being held in the stage latch circuit 310 r+1 . 
Therefore, the instruction decoder 320 r+1 proceeds to step SG21. 
When the instruction INST r3 and the instruction INST r+1 are being 
held in the stage latch circuit 310 r+1 , the instruction decoder 
320 r+1 proceeds to step SG23. At the step SG23, the instruction 
decoder 320 r+1 makes the multiplexer 400 r+1 select the stage latch 
circuit 110 r+1 . At step SG24, the operator 120 x+1 does not operate. 
At step SG25, the value of the stage latch circuit 110 r+1 is held" 
in the stage latch circuit 110 r+2 through the bypass line B r+1 
and the multiplexer 400 r+1 . 

At the step SG21, the instruction decoder 320 r+1 makes the 
multiplexer 400 r+1 select the operator 120 r+1 . The instruction- 
decoder 320 r+1 decodes the value of the stage latch circuit 310 r+1 , 
and then decodes the instruction INST r3 to the operator 120 r+1 . 
The operator 120 r+1 then executes the processing according to 
the instruction INST ra by using the value of the stage latch 
circuit 110 r+1 . At the next step SG22, the processing result 
of the operator 120 r+1 is held in the stage latch circuit 110 r+2 . 
Thereafter, at the (r+2)-th processing stage to the (s-l)-th 
processing stage (not shown) , the instruction INST r3 is decoded 
and a stage latch circuit is selected by the multiplexer in a 



similar manner to that of the (r+l)-th processing stage. At 
each processing stage, each operator executes the processing 
based on the instruction INST rs . At the (r+2)-th processing 
stage to the (s-l)-th processing stage, the instruction INST rs 
is sequentially held in the stage latch circuits. 

At the s-th processing stage shown in Fig. 18, at step 
SG26 (refer to Fig. 21), the instruction INST rs is being held 
in the stage latch circuit 310,. Therefore, the instruction 
decoder 320 a proceeds to step SG27. When the instruction other 
than the instruction INST r3 and the instruction INST 3 is being 
held in the stage latch circuit 310 3 , the instruction decoder 
320 a proceeds to step SG29. At the step SG29, instruction- 
decoder 320 3 makes the multiplexer 400 3 select the stage latch 
circuit 110 s . Thus, at step SG30, the operator 120 3 does not 
operate. At step SG31, the value of the stage latch circuit 
110 3 is held in the stage latch circuit 110 3+1 through the bypass 
line B 3 and the multiplexer 400 s . 

At the step SG27, instruction decoder 320 3 makes the 
multiplexer 400 3 select the operator 120 3 . The instruction 
decoder 320 3 decodes the instruction INST r3 to the operator 120 3 . 
The operator 120 3 then executes the processing according to the 
instruction INST r3 by using the value (the processing result 
of the operator at the (s-l)-th processing stage) of the stage 
latch circuit 110 3 . At the next step SG28, the processing result 
of the operator 120 3 is held in the stage latch circuit 110 s+1 . 
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The processing result of the operator 120 s is based on the 
respective processing by the operator 120 r to the operator 120 3 . 
Thereafter, at the (s+2)-th processing stage to the (n-l)-th 
processing stage (not shown) , a stage latch circuit is selected 
by the multiplexer . Thus , the processing result of the operator 
120 s is sequentially passed through each processing stage. At 
the (s+2) -th processing stage to the (n-1) -th processing stage, 
the instruction INST rs is sequentially held in the stage latch 
circuits . 

At the n-th processing stage, at step SG32, the 
instruction INST rs is being held in the stage latch circuit 310 n . 
Therefore, the instruction decoder 320 n proceeds to step SG35.* 
When the instruction INST n is being held in the stage latch 
circuit 310 n , the instruction decoder 320 n proceeds to step SG33 . 
At the step SG33, the instruction decoder 320 n makes the 
multiplexer 400 n select the operator 120 n , and decodes the 
instruction INST n to the operator 120 n . The operator 120 n then 
executes the processing according to the instruction INST n by 
using the value of the stage latch circuit 110 n . At the next 
step SG34, the processing result of the operator 120 n is held 
in the stage latch circuit 110 n+1 . 

At the step SG35, the instruction decoder 320 n makes the 
multiplexer 400 n select the operator 120 n . Thus, the operator 
120 n does not operate at step SG36. At step SG37, the value 
(the processing result of the operator 120 3 ) of the stage latch 



circuit 110 n is held in the stage latch circuit 110 n+1 through 
the bypass line B n and the multiplexer 400 n . At the next step 
SG38, the processing-result register 500 holds the processing 
result of the operator 120 3 as the processing result of the 
pipeline operator . 

Next, there will be explained the operation in the case 
where an instruction has been dispatched (hereinafter to be 
referred to as an instruction INSTJ to make an operator at one 
processing stage (hereinafter to be referred to as an x-th 
processing stage) execute the processing independent of other 
operators among the m processing stages (the r-th processing 
stage to the s-th processing stage) shown in Fig, 17 and Fig" 
18. As one example, there will be explained the case where the 
x-th processing stage and the instruction INST X are the (r+1) -th 
processing stage and the instruction INST r+1 shown in Fig. 17 
respectively. At step SGI shown in Fig. 19, the first 
processing data SOURCE x/ the second processing data SOURCE 2 and 
the- instruction INST r+1 are held in the processing-data register 
100, the processing-data register 200 and the instruction 
register 300 respectively. Thus, the first processing data 
SOURCE lf the second processing data SOURCE 2 and the instruction 
INST r+1 are held in the stage latch circuit 110^ the stage latch 
circuit 210 x and the stage latch circuit 310! respectively. 

At the next step SG2, the instruction decoder 320 lx and 
the instruction decoder 320 12 decide the kind of the instruction 



held in the stage latch circuit 310 x . In this case, the 
instruction INST r+1 is being held in the stage latch circuit 310! . 
Therefore, the instruction decoder 320 1X and the instruction 
decoder 320 12 proceed to the step SG5 . At the step SG5 to the 
step SG7, the through instruction SRC^ and the through 
instruction SRC 2 are decoded respectively, and the first 
processing data SOURCE x and the second processing data SOURCE 2 
are held in the stage latch circuit 110 2 and the stage latch 
circuit 210 2 respectively, in a similar manner to that described 
above. The instruction INST r+1 is held in the stage latch 
circuit 310 2 . 

Thereafter, at the second processing stage to the (r-* 
2) -th processing stage (not shown) , the through instruction SRC^ 
and the through instruction SRC 2 are decoded respectively, in 
a similar manner to that of the first processing stage. The 
first processing data SOURCE! and the second processing data 
SOURCE 2 are then sequentially passed through the respective 
processing stages. At the second processing stage to the 
(r-2)-th processing stage, the instruction INST r+1 is held 
sequentially in the stage latch circuits. 

At the (r-l)-th processing stage, at the step SG8, the 
instruction INST r+1 is being held in the stage latch circuit 310^ . 
Therefore, the instruction decoder 320^ and the instruction 
decoder 320 r . 12 proceed to step SG11. At the step SG11 to the 
step SG13, the through instruction SRC^ and the through 



instruction SRC 2 are decoded respectively. Further, the first 
processing data SOURCEi and the second processing data SOURCE 2 
are held in the stage latch circuit 110 r and the stage latch 
circuit 210 r respectively, in a similar manner to that described 
above. The instruction INST r+1 is held in the stage latch 
circuit 310 r . 

At the r-th processing stage, at the step SG14 (refer to 
Fig. 20) , the instruction INST r+1 is being held in the stage latch 
circuit 310 r . Therefore, the instruction decoder 320 r proceeds 
to the step SG17 . At the step SG17 to the step SG19, the through 
instruction SRCi is decoded, and the first processing data 
SOURCE! is held in the stage latch circuit 110 r+1 , in a similar* 
manner to that described above. The instruction INST r+1 is held 
in the stage latch circuit 310 r+1 . 

At the (r+l)-th processing stage, at the step SG20, the 
instruction INST r+1 is being held in the stage latch circuit 310 r+1 . 
Therefore, the instruction decoder 320 r+1 proceeds to the step 
SG21. At the step SG21, the instruction decoder 320 r+1 makes 
the multiplexer 400 r+1 select the operator 120 r+1 . The 
instruction decoder 320 r+1 decodes the value of the stage latch 
circuit 310 r+1 , and then decodes the instruction INST r+1 to the 
operator 120 r+1 . The operator 120 r+1 then executes the 
processing according to the instruction INST r+1 by using the 
value of the stage latch circuit 110 E+1 . At the next step SG22, 
the processing result of the operator 120 r+1 is held in the stage 



latch circuit 110 e+2 . Thereafter, at the (r+2)-th processing 
stage to the (s-l)-th processing stage (not shown), a stage 
latch circuit is selected by the multiplexer. The processing 
result of the operator 120 r+1 at the .(r+l)-th processing stage 
is sequentially passed through each processing stage. At the 
(r+2) -th processing stage to the ( s-1 ) -th processing stage , the 
instruction INST r+1 is sequentially held in the stage latch 
circuits . 

At the s-th processing stage, at the step SG26 (refer to 
Fig. 21) , the instruction INST r+1 is being held in the stage latch 
circuit 310 s . Therefore, the instruction decoder 320 s proceeds 
to the step SG29. At the step SG29 to the step SG31, the stage- 
latch circuit 110 a is selected by the multiplexer 400 3 in a 
similar manner to that explained above. Further, the 
processing result of the operator 120 r+1 at the (r+l)-th 
processing stage is held in the stage latch circuit 110 3+1 . 
Thereafter, at the (s+l)-th processing stage to the (n-l)-th 
processing stage (not shown) , a stage latch circuit is selected 
by the multiplexer . The processing result of the operator 120 r+1 
at the (r+1) -th processing stage is sequentially passed through 
each processing stage. At the (s + 1) -th processing stage to the 
(n-l)-th processing stage, the instruction INST r+1 is 
sequentially held in the stage latch circuits. 

At the n-th processing stage, at the step SG32, the 
instruction INST r+1 is being held in the stage latch circuit 310 n . 



Therefore, the instruction decoder 320 n proceeds to the step 
SG35 . At the step SG35 to the step SG38, the stage latch circuit 
110 n is selected by the multiplexer 400 n in a similar manner 
to that explained above. Thus, the processing-result register 
500 holds the processing result of the operator 120 r+1 at the 
(r+l)-th processing stage. 

As explained above, according to the seventh embodiment, 
at the time of executing the processing at the r-th processing 
stage to the s-th processing stage, the through instruction SRC^ 
and the through instruction SRC 2 are decoded respectively at 
the first processing stage to the (r-l)-th processing stage. 
Thus, the first processing data SOURCEi and the second" 
processing data SOURCE 2 are passed through. Therefore, it is 
possible to reduce both the stage latch circuits and the wiring 
volume at the first processing stage to the (r-1) -th processing 
stage from the conventional levels. As a result, according to 
the seventh embodiment, it is possible to reduce both hardware 
volume and power consumption. Further, according to the 
seventh embodiment, it is possible to make one operator at one 
processing stage execute the processing independent of other 
operators among the r-th processing stage to the s-th processing 
stage . 

In the seventh embodiment, there has been explained a case 
where one operator at one processing stage executes the 
processing independent of other operators among the m 



processing stages from the r-th processing stage to the s-th 
processing stage shown in Fig. 17 and Fig. 18. However, it is 
also possible to make only one operator at one specific 
processing stage execute the processing. Further, in the 
seventh embodiment, it is also possible to make each of the 
operators at the x-th processing stage to the (x+p)-th 
processing stage execute the processing independent of other 
operators among the m processing stages from the r-th processing 

stage to the s-th processing stage (p < s - r) . 

In the fourth embodiment, there has been explained a case 
where at the first processing stage to the n-th processing stage 
shown in Fig. 9, the operators execute the processing based on' 
the instructions that have no mutual relationship. However, 
it is also possible to provide a plurality of operators that 
execute the processing based on the instruction that has a 
mutual relationship. This case will be explained in detail as 
an eighth embodiment . 

Fig. 22 and Fig. 23 are block diagrams that show a 
structure of an eighth embodiment of the present invention. In 
these figures, parts corresponding to those in Fig. 9 are 
attached with identical reference symbols and the explanation 
will be omitted. Fig. 22 and Fig. 23 show (r-l)-th processing 
stage, r-th processing stage, (r+l)-th processing stage and 
s-th processing stage (1 < r < s < n) in place of the (x-l)-th 
processing stage to the (x+1) -th processing stage shown in Fig. 



9. The structures of the (r-l)-th processing stage, the r- 
th processing stage, and the ( r+1 ) -th processing stage (the s-th 
processing stage) shown in Fig. 22 and Fig. 23 are similar to 
the structures of the (x-l)-th processing stage, the x-th 
processing stage and the (x+1) -th processing stage shown in Fig. 
9 respectively. However, the functions of the instruction 
decoders at the (r-l)-th processing stage, the r-th processing 
stage, and the (r+l)-th processing stage (the s-th processing 
stage) shown in Fig. 22 and Fig. 23 are different from the 
functions of the instruction decoders shown in Fig. 9. 

In other words, at the (r-l)-th processing stage shown 
in Fig. 22, the stage latch circuit 110^ holds the first- 
processing data SOURCE! or the processing result of the (r- 
2)-th processing stage (not shown). The stage latch circuit 
210^ holds the second processing data SOURCE 2 or the processing 
result of the (r-2) -th processing stage (not shown) . The stage 
latch circuit 310 r _ x holds the value of the stage latch circuit 
at the (r-2)-th processing stage (not shown) . The instruction 
decoder 320^ decodes the instruction INST r . lx from the stage 
latch circuit 310^. When the instruction INST^ has been 
decoded, the operator 120^ executes the processing according 
to the instruction INST^ by using the value of the stage latch 
circuit 110^!. A bypass line B r „ xl guides the value of the stage 
latch circuit 110^ to pass through this bypass line to a 
multiplexer 700^ without passing through the operator 120 r _ 



The multiplexer 700^ is changeover controlled by the 
instruction decoder 320^. The multiplexer 700^ outputs the 
processing result of the operator 120^ when the instruction 
INSTj-.n has been decoded by the instruction decoder 320^! . On 
the other hand, the multiplexer 700^ outputs the value of the 
stage latch circuit 110^ when the instruction other than the 
instruction INST^^ has been input to the instruction decoder 
320^. 

The instruction decoder 320 r _ 12 decodes the instruction 
INST r _ 12 from the stage latch circuit 310^. When the 
instruction INST r _ 12 has been decoded, the operator 220^' 
executes the processing according to the instruction INST r _ 12 
by using the value of the stage latch circuit 210^. A bypass 
line B r _ 12 guides the value of the stage latch circuit 210^ to 
pass through this bypass line to a multiplexer 800^ without 
passing through the operator 220 r . x . The multiplexer 800^ 
outputs the processing result of the operator 220^ when the 
instruction INST r _ 12 has been decoded by the instruction decoder 
320 r . 12 . On the other hand, the multiplexer 800^ outputs the 
value of the stage latch circuit 210 r . x when the instruction other 
than the instruction INST r . 12 has been input to the instruction 
decoder 320 r _ 12 . 

At the r-th processing stage, the stage latch circuit 110 r , 
the stage latch circuit 210 r and the stage latch circuit 310 r 



hold the output value of the multiplexer 700 r . x/ the output value 
of the multiplexer 800 r _ x and the value of the stage latch circuit 
310^ respectively. The instruction decoder 320 r decodes the 
instruction INST rs from the stage latch circuit 310 r . The 
instruction INST rs is the instruction dispatched to the operator 
120 r to the operator 120 3 at the r-th processing stage to the 
s-th processing stage (refer to Fig. 23) in a similar manner 
to that of the seventh embodiment. This instruction INST rs 
provides a correlation between the processing of the operator 
120 r and the processing of the operator 120 3 . The number of 
stages from the r-th processing stage to the s-th processing 
stage is m (s-r+1) . 

In other words, the instruction INST r3 is the instruction 
for providing a correlation of the processing between the m 
processing stages (the r-th processing stage to the s-th 
processing stage) among the n processing stages (the first 
processing stage to the n-th processing stage) . When the 
instruction INST r5 has been decoded, the operator 120 r executes 
the processing according to the instruction INST rs by using the 
value (the first processing data SOURCE^ of the stage latch 
circuit 110 r and the value (the second processing data SOURCE 2 ) 
of the stage latch circuit 210 r/ and outputs the result of the 
processing to the stage latch circuit 110 r+1 . 

The instruction decoder 320 r decodes the instruction INST r 
from the stage latch circuit 310 r . The instruction INST r is the 
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instruction to make the operator 120 E execute the processing 
independent of the operators at other processing stages. When 
the instruction INST r has been decoded, the operator 120 r 
executes the processing according to the instruction INST r by 
using the value of the stage latch circuit 110 r , and outputs 
the processing result. 

When the instruction other than the instruction INST r3 
and the instruction INST r has been input, the instruction 
decoder 320 r converts this instruction into the through 
instruction SRC X , and decodes this instruction SRCi to the 
operator 120 r . When the through instruction SRC^ has been 
decoded, the operator 120 r passes only the value of the stage* 
latch circuit 110 r through, out of the value of the stage latch 
circuit 110 r and the value of the stage latch circuit 210 r . 

The structures of the (r+l)-th processing stage to the 
s-th processing stage are similar to that of the (x+l)-th 
processing stage shown in Fig. 9. However, the functions of 
the instruction decoder 320 r+1 to the instruction decoder 320 3 
shown in Fig. 22 and Fig. 23 are different from the function 
of the instruction decoder 320 x+1 shown in Fig. 9 as described 
later. 

At the (r+1) -th processing stage, the stage latch circuit 
110 r+1 holds the value of the stage latch circuit 110 r or the 
processing result of the operator 120 r . The stage latch circuit 
310 r+1 holds the value of the stage latch circuit 310 r . The 



instruction decoder 320 r+1 decodes the instruction INST r3 from 
the stage latch circuit 310 r+1 . When the instruction INST rs has 
been decoded, the operator 120 r+1 executes the processing 
according to the instruction INST r5 by using the value of the 
stage latch circuit 110 r+1 , and outputs the processing result 
to the stage latch circuit 110 r+2 . 

The instruction decoder 320 r+1 decodes the instruction 
INST r+1 from the stage latch circuit 310 r+1 . The instruction 
INST r+1 is the instruction to make the operator 120 r+1 execute 
the processing independent of the operators at other processing 
stages. When the instruction INST r+1 has been decoded, the 
operator 120 r+1 executes the processing according to the 
instruction INST r+1 by using the value of the stage latch circuit 
110 r+1 , and outputs the processing result. 

When the instruction other than the instruction INST r3 
and the instruction INST r+1 has been input, the instruction 
decoder 320 r+1 converts this instruction into a through 
instruction SRC X , and decodes this through instruction" SRC X to 
the operator 120 r+1 . When the through instruction SRC^ has been 
decoded, the operator 120 r+1 passes the value of the stage latch 
circuit 110 r+1 through this operator. The (r+2)-th processing 
stage (not shown) to the s-th processing stage have similar 
structures to that of the (r+l)-th processing stage. 

In other words, at the s-th processing stage shown in Fig. 
23, the stage latch circuit 110, holds the value of the stage 



latch circuit at the (s-l)-th processing stage (not shown) or 
the processing result of the operator. The instruction decoder 
320 3 decodes the instruction INST r3 from the stage latch circuit 
310 3 . When the instruction INST rs has been decoded, the operator 
120 s executes the processing according to the instruction INST rs 
by using the value of the stage latch circuit 110 s , and outputs 
the processing result to the stage latch circuit 110 3+1 . 

The instruction decoder 320 3 decodes the instruction INST 3 
from the stage latch circuit 310 3 . The instruction INST 3 is the 
instruction to make the operator 120 3 execute the processing 
independent of the operators at other processing stages. When 
the instruction INST S has been decoded, the operator 120/ 
executes the processing according to the instruction INST 3 by 
using the value of the stage latch circuit 110 3 , and outputs 
the processing result. 

When the instruction other than the instruction INST r3 
and the instruction INST 3 has been Input, the instruction 
decoder 320 5 converts this instruction into the "through 
instruction SRC X , and decodes this through instruction SRC 1 to 
the operator 120 3 . When the through instruction SRC 1 has been 
decoded, the operator 120 3 passes the value of the stage latch 
circuit 110 3 through this operator. The stage latch circuit 
110 3+1 and the stage latch circuit 310 3+1 hold the output value 
of the operator 120 3 and the value of the stage latch circuit 
310 3 respectively. 



The operation of the eighth embodiment will be explained 
with reference to flowcharts shown in Fig. 24 to Fig. 26. The 
operation when the instruction INST rs has been dispatched to 
the operator 120 r at the r-th processing stage to the operator 
120 g at the s-th processing stage will be explained first. At 
step SHI shown in Fig. 24, the first processing data SOURCE^ 
the second processing data SOURCE 2 and the instruction INST r3 
are held in the processing-data register 100, the 
processing-data register 200 and the instruction register 300 
respectively. Thus, the first processing data SOURCE!, the 
second processing data SOURCE 2 and the instruction INST £3 are 
held in the stage latch circuit 110^ the stage latch circuit" 
210 1 and the stage latch circuit 310! respectively. 

At the next step SH2, the instruction decoder 320 X1 and 
the instruction decoder 320 12 decide the kind of the instruction 
held in the stage latch circuit 310!. In this case, the 
instruction INST rs is being held in the stage latch circuit 310i- 
Therefore, the instruction decoder 320^ and the instruction 
decoder 320 12 proceed to step SH5 . When the instruction INST X1 
and the instruction INSTi 2 are being held in the stage latch 
circuit 310!, the instruction decoder 320^ and the instruction 
decoder 320 12 proceed to step SH3 . In this case, the processing 
similar to that of the step SD3 and the step SD4 (refer to Fig. 
10) is carried out at the step SH3 and at step SH4 respectively. 

At the step SH5, the instruction decoder 320 X1 and the 



instruction decoder 320 12 make the multiplexer 700! and the 
multiplexer 800 x select the stage latch circuit llC^ and the 
stage latch circuit 210 L respectively. At step SH6, the 
operator 120! and the operator 220 x do not operate. At the next 
step SH7, the value (the first processing data SOURCE^ of the 
stage latch circuit llOj. is held in the stage latch circuit 110 2 
through a bypass line B 1X and the multiplexer 700 x . Similarly, 
the value (the second processing data SOURCE 2 ) of the stage latch 
circuit 210! is held in the stage latch circuit 210 2 through 
a bypass line B 12 and the multiplexer 800i. The instruction 
INST r3 is held in the stage latch circuit 310 2 . 

Thereafter, at the second processing stage to the (r-* 
2)-th processing stage (not shown), stage latch circuits are 
selected by multiplexer, in a similar manner to that of first 
processing stage. The first processing data SOURCE! and the 
second processing data SOURCE 2 are then sequentially passed 
through the respective processing stages. At the second 
processing stage to the (r-2)-th processing stage, the 
instruction INST rs is held sequentially in the stage latch 
circuits . 

At the (r-l)-th processing stage, at step SH8, the 
instruction INST r3 is being held in the stage latch circuit 310^. 
Therefore, the instruction decoder 320^ and the instruction 
decoder 320 r _ 12 proceed to step SHll. When the instruction 
INST r _!! and the instruction INST r _ 12 are being held in the stage 



latch circuit 310^, the instruction decoder 320 r _n and the 
instruction decoder 320 r _ 12 proceed to step SH9 . At the step SH9, 
the instruction decoder 320 r _ xl and the instruction decoder 320 r . 12 
make the multiplexer 700 r _i and the multiplexer 800 r _! select the 
operator 120 r _! and the operator 220 r _ x respectively. 

The instruction decoder 320^ and the instruction 
decoder 320 r _ 12 decode the instruction INST r _n and the instruction 
INST r . 12 to the operator 120 r _i and the operator 220^ respectively. 
The operator 120 r _i and the operator 220,..! then execute the 
processing corresponding to the instruction INST r _n and the 
instruction INST r _ 12 by using the value of the stage latch circuit 
110,.! and the value of the stage latch circuit 210^ respectively : 
At the next step SH10, the processing result of the operator 
120 r _ x and the processing result of the operator 220 r _i are held 
in the stage latch circuit 110 r and the stage latch circuit 210 r 
respectively . 

At the step SH11, the instruction decoder 320 r . 1± and the 
instruction decoder 320 r „ 12 make the multiplexer 700^ "and the 
multiplexer 800^ select the stage latch circuit 110 r . : and the 
stage latch circuit 210^ respectively. At step SH12, the 
operator 120 r _i and the operator 220 r-1 do not operate. At step 
SH13, the value (the first processing data SOURCE!) of the stage 
latch circuit 110^ is held in the stage latch circuit 110 r 
through the bypass line and the multiplexer 700^. 

Similarly, the value (the second processing data SOURCE 2 ) of 



the stage latch circuit 210^ is held in the stage latch circuit 
210 r through the bypass line B r _ 12 and the multiplexer 800^. 

At the next r-th processing stage, at step SH14 (refer 
to Fig. 25), the instruction INST rg is being held in the stage 
latch circuit 310 r . Therefore, the instruction decoder 320 r 
proceeds to step SH15. When the instruction other than the 
instruction INST r3 and the instruction INST r is being held in 
the stage latch circuit 310 r , the instruction decoder 320 r 
proceeds to step SH17. At the step SH17, instruction decoder 
320 r converts the instruction other than the instruction INST rs 
and the instruction INST r into the through instruction SRC lf 
and proceeds to step SH18. At the step SH18, the instruction- 
decoder 320 r decodes the through instruction SRC^ to the operator 
120 r . The operator 120 r then passes the value of the stage latch 
circuit 110 r through.- At the next step SH19, the value of the 
stage latch circuit 110 r is held in the stage latch circuit 110 r+1 . 

At the step SH15, the instruction decoder 320 r decodes 
the instruction INST r3 to the operator 120 r . The operator 120 r 
then executes the processing according to the instruction INST rs 
by using the value (the first processing data SOURCEJ of the 
stage latch circuit 110 r and the value (the second processing 
data SOURCE 2 ) of the stage latch circuit 210 r . At step SH16, 
the processing result of the operator 120 r is held in the stage 
latch circuit 110 r+1 . At this time, the value (the instruction 
INST r3 ) of the stage latch circuit 310 r is held in the stage latch 



circuit 310 r+1 . 

At the (r+l)-th processing stage, at step SH20, the 
instruction INST rs is being held in the stage latch circuit 310 r+1 . 
Therefore, the instruction decoder 320 r+1 proceeds to step SH21. 
When the instruction other than the instruction INST rg and the 
instruction INST r+1 is being held in the stage latch circuit 310 E+1 , 
the instruction decoder 320 r+1 proceeds to step SH23. At the 
step SH23, the instruction decoder 320 r+1 converts the 
instruction other than the instruction INST rs and the 
instruction INST r+1 into the through instruction SRC lf and 
proceeds to step SH24. At the step SH24, the instruction 
decoder 320 r+1 decodes the through instruction SRC^ to the* 
operator 120 r+1 . Thus, the operator 120 r+1 passes the value of 
the stage latch circuit 110 r+1 through this operator. At step 
SH25, the value of the stage latch circuit 110 r+1 is held in the 
stage latch circuit 110 r+2 . 

At the step SH21, the instruction decoder 320 r+1 decodes 
the instruction INST r3 to the operator 12 0 r+1 . The operator 120 r+1 
then executes the processing according to the instruction INST r3 
by using the value (the processing result of the operator 120 r 
at the r-th processing stage) of the stage latch circuit 110 r+1 . 
At the next step SH22, the processing result of the operator 
120 r+1 is held in the stage latch circuit 110 r+2 . At this time, 
the value (the instruction INST rs ) of the stage latch circuit 
310 r+1 is held in the stage latch circuit 310 r+2 . Thereafter, 



at the (r+2)-th processing stage to the (s-l)-th processing 
stage (not shown) , the instruction INST rs is decoded in a similar 
manner to that of the (r+l)-th processing stage. At each 
processing stage, each operator executes the processing based 
on the instruction INST rs . At the (r+2)-th processing stage to 
the (s-l)-th processing stage, the instruction INST r3 is 
sequentially held in the stage latch circuits . 

At the s-th processing stage shown in Fig. 23, at step 
SH26 (refer to Fig. 26), the instruction INST r5 is being held 
in the stage latch circuit 310 a . Therefore, the instruction 
decoder 320 3 proceeds to step SH27. When the instruction other 
than the instruction INST r3 and the instruction INST 3 is being' 
held in the stage latch circuit 310 3/ the instruction decoder 
320 3 proceeds to step SH29. At the step SH29, the instruction 
decoder 320 3 converts the instruction other than the instruction 
INST„ and the instruction INST 3 into the through instruction 
SRC 1# and proceeds to step SH30. At the step SH30, the. 
instruction decoder 320 3 decodes the through instruction SRC^ 
to the operator 120 s . Thus, the operator 120 3 passes the value 
of the stage latch circuit 110 3 through this operator. At step 
SH31, the value of the stage latch circuit 110 3 is held in the 
stage latch circuit 110 3+1 . 

At the step SH27, the instruction decoder 320 3 decodes 
the instruction INST r3 to the operator 120,. The operator 120 3 
then executes the processing according to the instruction INST r3 



by using the value (the processing result of the operator at 
the (s-l)-th processing stage) of the stage latch circuit 110 s . 
At the next step SH28, the processing result of the operator 
120 s is held in the stage latch circuit 110 a+1 . At this time, 
the value (the instruction INST rs ) of the stage latch circuit 
310 3 is held in the stage latch circuit 310 3+1 . Thereafter, at 
the (s + 1) -th processing stage to the (n-l)-th processing stage 
(not shown), the through instruction SRC X is decoded. The 
processing result of the operator 120 3 is sequentially passed 
through each processing stage. At the (s+l)-th processing 
stage to the (n-l)-th processing stage, the instruction INST r3 
is sequentially held in the stage latch circuits. 

At the n-th processing stage, at step SH32, the 
instruction INST rs is being held in the stage latch circuit 310 n . 
Therefore, the instruction decoder 320 n proceeds to step SH35. 
When the instruction INST n is being held in the stage latch 
circuit 310 n , the instruction decoder 320 n proceeds to step SH33 . 
At the step SH33, the instruction decoder 320 n decodes the 
instruction INST n to the operator 120 n . The operator 120 n then 
executes the processing according to the instruction INST n by 
using the value of the stage latch circuit 110 n . At the next 
step SH34, the processing result of the operator 120 n is held 
in the stage latch circuit 110 n+1 . 

At the step SH35, the instruction decoder 320 n , converts 
the instruction INST ra into the through instruction SRC X , and 
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proceeds to step SH36. At the step SH36, the instruction 
decoder 320 n decodes the through instruction SRC X to the operator 
120 n . The operator 120 n then passes the value (the processing 
result of the operator 120 s ) of the stage latch circuit 110 n 
through. At the next step SH37, the value of the stage latch 
circuit 110 n is held in the stage latch circuit 110 n+1 . At the 
next step SH38, the processing-result register 500 holds the 
processing result of the operator 120 3 as the processing result 
of the pipeline operator. 

Next, there will be explained the operation in the case 
where an instruction has been dispatched (hereinafter to be 
referred to as an instruction INSTJ to make an operator at one* 
processing stage (hereinafter to be referred to as an x-th 
processing stage) execute the processing independent of other 
operators among the m processing stages (the r-th processing 
stage to the s-th processing stage) shown in Fig. 22 and Fig 
23. As one example, there will be explained the case where the 
x-th processing stage and the instruction INST X are the (r+1) -th 
processing stage and the instruction INST r+1 shown in Fig. 22 
respectively. At step SHI shown in Fig. 24, the first 
processing data SOURCE^ the second processing data SOURCE 2 and 
the instruction INST r+1 are held in the processing-data register 
100, the processing-data register 200 and the instruction 
register 300 respectively. Thus, the first processing data 
SOURCE^ the second processing data SOURCE 2 and the instruction 
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INST r+1 are held in the stage latch circuit 110 lf the stage latch 
circuit 210 1 and the stage latch circuit 310 x respectively. 

At the next step SH2, the instruction decoder 320 1X and 
the instruction decoder 320 12 decide the kind of the instruction 
held in the stage latch circuit 310!- In this case, the 
instruction INST r+1 is being held in the stage latch circuit 310!. 
Therefore, the instruction decoder 320 X1 and the instruction 
decoder 320 12 proceed to the step SH5 . At the step SH5 to the 
step SH7, the stage latch circuit 110i and the stage latch 
circuit 210! are selected by the multiplexer 700! and the 
multiplexer 800! respectively in a similar manner to that 
described above. Thus, the first processing data SOURCE! and* 
the second processing data SOURCE 2 are held in the stage latch 
circuit 110 2 and the stage latch circuit 210 2 respectively. The 
instruction INST r+1 is held in the stage latch circuit 310 2 . 

Thereafter, at the second processing stage to the (r- 
2)-th processing stage (not shown), the stage latch circuits 
are selected by the multiplexers in a similar manner to that 
of the first processing stage. Thus, the first processing data 
SOURCE x and the second processing data SOURCE 2 are sequentially 
passed through the respective processing stages . At the second 
processing stage to the (r-2)-th processing stage, the 
instruction INST r+i is held sequentially in the stage latch 
circuits . 

At the (r-l)-th processing stage, at the step SH8, the 
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instruction INST r+1 is being held in the stage latch circuit 310^. 
Therefore, the instruction decoder 320^ and the instruction 
decoder 320 r . 12 proceed to step SH11. At the step SH11 to the 
step SH13, the stage latch circuit 110^ and the stage latch 
circuit 210 r _ 1 are selected by the multiplexer 700^ and the 
multiplexer 800^, in a similar manner to that described above. 
Thus, the first processing data SOURCEi and the second 
processing data SOURCE 2 are held in the stage latch circuit 110 r 
and the stage latch circuit 210 r respectively. The value (the 
instruction INST r+1 ) of the stage latch circuit 110^ is held 
in the stage latch circuit 310 r . 

At the r-th processing stage, at the step SH14 (refer to' 
Fig. 25) , the instruction INST r+1 is being held in the stage latch 
circuit 310 r . Therefore, the instruction decoder 320 r proceeds 
to the step SH17. At the step SH17 to the step SH19, the 
instruction INST r+1 is converted into the through instruction 
SRCi, and the value (the first processing data SOURCE^ of the 
stage latch circuit 110 r is held in the stage latch circuit 110 r+1 , 
in a similar manner to that described above. The value (the 
instruction INST r+1 ) of the stage latch circuit 310 r is held in 
the stage latch circuit 310 r+1 . 

At the (r+l)-th processing stage, at the step SH20, the 
instruction INST r+1 is being held in the stage latch circuit 310 r+1 . 
Therefore, the instruction decoder 320 r+1 proceeds to the step 
SH21. At the step SH21, the instruction decoder 320 r+1 decodes 
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the instruction INST r+1 to the operator 120 r+1 . The operator 
120 r+1 then executes the processing according to the instruction 
INST r+1 by using the value (the first processing data SOURCEJ 
of the stage latch circuit 110 r+1 . At the next step SH22, the 
processing result of the operator 120 r+1 is held in the stage 
latch circuit 110 r+2 . The value (the instruction INST r+1 ) of the 
stage latch circuit 310 r+1 is held in the stage latch circuit 
310 r+2 . Thereafter, at the (r+2)-th processing stage to the 
(s-1) -th processing stage (not shown) , the through instruction 
SRC 1 is decoded at each processing stage . The processing result 
of the operator 120 r+1 is sequentially passed through each 
processing stage. 

At the s-th processing stage shown in Fig. 23, at the step 
SH26 (refer to Fig. 26), the instruction INST r+1 is being held 
in the stage latch circuit 310 3 . Therefore, the instruction 
decoder 320 3 proceeds to the step SH29. At the step SH29 to 
the step SH31, the through instruction SRC! is decoded in a 
similar manner to that explained above, and the value (the 
processing result of the operator 120 r+x ) of the stage latch 
circuit 110 3 is held in the stage latch circuit 110 a+1 . 
Thereafter, at the (s+l)-th processing stage to the (n-l)-th 
processing stage (not shown) , the through instruction SRC X is 
decoded, and the processing result of the operator 120 £+1 is 
sequentially passed through each processing stage. At the 
(s + 1) -th processing stage to the (n-1) -th processing stage, the 

132 



instruction INST r+1 is sequentially held in the stage latch 
circuits . 

At the n-th processing stage, at the step SH32, the 
instruction INST r+1 is being held in the stage latch circuit 310 n . 
Therefore, the instruction decoder 320 n proceeds to the step 
SH35 . At the step SH35 to the step SH37 , the through instruction 
SRC X is decoded in a similar manner to that explained above. 
Thus, the value (the processing result of the operator 120 r+1 ) 
of the stage latch circuit 110 n is held in the stage latch circuit 
110 n+1 . At the next step SH38, the processing-result register 
500 holds the processing result of the operator 120 r+1 as the 
processing result of the pipeline operator. 

As explained above, according to the eighth embodiment, 
at the time of executing the processing at the x-th processing 
stage, the through instruction SRC 1 is decoded at the (x+l)-th 
processing stage to the n-th processing stage respectively. 
Thus, the processing result of the operator 120x at the x-th 
processing stage is passed through. Therefore, it is possible 
to reduce both hardware volume and power consumption at the 
(x+l)-th processing stage to the n-th processing stage. 
Further, according to the eighth embodiment, it is possible to 
make one operator at one processing stage execute the processing 
independent of other operators among the r-th processing stage 
to the s-th processing stage. 

In the eighth embodiment, there has been explained a case 
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where one operator at one processing stage executes the 
processing independent of other operators among the m 
processing stages from the r-th processing stage to the s-th 
processing stage shown in Fig. 22 and Fig. 23. However, it is 
also possible to make only one operator at one specific 
processing stage execute the processing. Further, in the 
eighth embodiment, it is also possible to make each of the 
operators at the (x-p)-th processing stage to the x-th 
processing stage execute the processing independent of other 
operators among the m processing stages from the r-th processing 
stage to the s-th processing stage (p < s - r) . 

The first to the eighth embodiments relating to the' 
present invention have been explained above with reference to 
the drawings. However, the detailed structures are not limited 
to the above embodiments. Any other modifications including 
design changes which are within the gist and scope of the present 
invention are all included in the present invention. For 
example, in each of the first to the eighth embodiments, one 
example of combination of the number of processing stages, stage 
latch circuits, operators, instruction decoders, and 
multiplexers respectively has been explained. Therefore, in 
the first to the eighth embodiments, it is also possible to 
change the number of stages, parts and combinations according 
to the need when the through instruction SRC^ (and/or the through 
instruction SRC 2 ) is used. 



As explained above, according to the present invention, 
the processing data held in the upstream latching unit is passed 
through the first processing unit at the time of decoding the 
instruction to the second processing unit. Therefore, it is 
possible to reduce the sharing of the latching unit and to reduce 
the wiring between the first processing unit and the second 
processing unit. As a result, there is an effect that the 
hardware volume and power consumption can be reduced. 

Further, according to the present invention, the 
processing result of the first latching unit held in the 
upstream latching unit is passed through the second processing 
unit at the time of decoding the instruction to the first' 
processing unit. Therefore, it is possible to reduce the 
latching unit and to reduce the wiring at the downstream of the 
second processing unit. As a result, there is an effect that 
the hardware volume and power consumption can be reduced. 

Further, according to the present invention, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing 
unit at the time of decoding the instruction to the x-th 
processing unit. Therefore, it is possible to reduce both the 
stage latch circuits and the wiring at the first processing 
stage to the (x-l)-th processing stage from the conventional 
levels . As a result, there is an effect that the hardware volume 
and power consumption can be reduced. 



Further, according to the present invention, the 
processing result of the x-th latching unit held in the upstream 
latching unit is passed through the (x+l)-th processing unit 
to the n-th processing unit at the time of decoding the 
instruction to the x-th processing unit. Therefore, it is 
possible to reduce both the stage latch circuits and the wiring 
in the (x+l)-th processing unit to the n-th processing stage 
from the conventional levels. As a result, there is an effect 
that the hardware volume and power consumption can be reduced. 

Further, according to the present invention, the 
processing data held in the upstream latching unit is passed 
through the first processing unit at the time of decoding the 
instruction to the second processing unit. Therefore, there 
is an effect that it is possible to reduce the sharing of the 
latching unit and to reduce the wiring between the first 
processing unit and the second processing unit. As a result, 
there is an effect that the hardware volume and power 
consumption can be reduced. Further, the invention has an 
effect that the second processing unit can execute the 
processing independent of the first processing unit. 

Further, according to the present invention, the 
processing result of the first processing unit held in the 
upstream latching unit is passed through the second processing 
unit at the time of decoding the instruction to the first 
processing unit. Therefore, it is possible to reduce the 



latching unit and to reduce the wiring at the downstream of the 
second processing unit. As a result, there is an effect that 
the hardware volume and power consumption can be reduced. 
Further, the invention has an effect that the first processing 
unit can execute the processing independent of the second 
processing unit. 

Further, according to the present invention, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing 
unit at the time of decoding the instruction to the x-th 
processing unit. Therefore, it is possible to reduce both the 
stage latch circuits and the wiring in the first processing unit' 
to the (x-l)-th processing unit from the conventional levels. 
As a result, there is an effect that the hardware volume and 
power consumption can be reduced. Further, the invention has 
an effect that the x-th processing unit in the r-th processing 
unit to the s-th processing unit can execute the processing 
independent of other processing units. 

Further, according to the present invention, the 
processing data held in the upstream latching units are passed 
through the first processing unit to the (x-l)-th processing 
unit at the time of decoding the instruction to the x-th 
processing unit to the (x+p)-th processing unit. Therefore, 
it is possible to reduce both the stage latch circuits and the 
wiring in the first processing unit to the (x-l)-th processing 



unit from the conventional levels. As a result, there is an 
effect that the hardware volume and power consumption can be 
reduced. Further, the invention has an effect that the x-th 
processing unit to the (x+p)-th processing unit in the r-th 
processing unit to the s-th processing unit can execute the 
processing independent of other processing units. 

Further, according to the present invention, the 
processing result of the x-th processing unit held in the 
upstream latching unit is passed through the (x+l)-th 
processing unit to the n-th processing unit at the time of 
decoding the instruction to the x-th processing unit. 
Therefore, it is possible to reduce both the stage latch" 
circuits and the wiring in the (x+l)-th processing unit to the 
n-th processing unit from the conventional levels . As a result, 
there is an effect that the hardware volume and power 
consumption can be reduced. Further, the invention has an 
effect that the x-th processing unit in the r-th processing unit 
to the s-th processing unit can execute the processing 
independent of other processing units. 

Further, according to the present invention, the 
processing results of the (x-p)-th processing unit to the x-th 
processing unit held in the upstream latching units are passed 
through the (x+1) -th processing unit to the n-th processing unit 
at the time of decoding the instructions to the (x-p)-th 
processing unit to the x-th processing unit. Therefore, it is 
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possible to reduce both the stage latch circuits and the wiring 
in the (x+1) -th processing unit to the n-th processing unit from 
the conventional levels. As a result, there is an effect that 
the hardware volume and power consumption can be reduced. 
Further, the invention has an effect that the (x-p)-th 
processing unit to the x-th processing unit in the r-th 
processing unit to the s-th processing unit can execute the 
processing independent of other processing units. 

Although the invention has been described with respect 
to a specific embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 



139 



